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(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 
(57) Abstract: 

PROBLEM TO BE SOLVED: To prevent an exterior packaging material 
of a secondary battery from swelling by restraining the generation of 
gas when stored at high temperatures as well as to improve large 
current discharge characteristics and charge/discharge cycle 
characteristics. 

SOLUTION: This secondary battery is equipped with an electrode group 
2 comprising a positive electrode 12, a negative electrode 13 including 
a material for occluding/releasing a lithium ion, and a separator 3 
arranged between the positive electrode 12 and the negative electrode 
13; a nonaqueous electrolyte impregnated into the electrode group 2 
and including a nonaqueous solvent and a lithium salt dissolved 
therein; and a sheet-made exterior packaging material 1 of 0.5 mm or 
less in thickness including a resin layer and accommodating the 
electrode group 2; wherein the nonaqueous solvent contains y - 
butyrolactone from over 50 vol.% to under or equal to 95 vol.% of the 
total nonaqueous solvent. 
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— ^, ^7kmftl?i5fi^ 0 . 6g/100mAhSr 

50 Sf*LV^fiiffll4, 0. 4~0. 55g/100mAhT* 
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[0 0 5 9] 5) **tttr*+a*#*- 

a* (pan) , tfyr^yu— h (pmma) , 
yik* (PVdF) , 7Ky^{h:t*-yu (pv 

C) . Sfcli^y ifU'W-C K (PEO) 4?£r*£ 
[0 0 6 0] MIB**tt*r*i-Sfc#*tt, I®, ft 

[0061] Hfifem?ifi.(--^*tv2>^#i±^*i- 5S^f 

©iili, tftfll OOmAhSt*) 0. l~6mg 
OmAhSfe!) 0. 1 mg 5 Ig, -fe^U 

- * & u'ft® ©«ftt «t+#k (6) ± * -5 r. i a« isjbei:: 

^5©^* s fc5 0 — mJl5i^fiA J S;^l^i 1 0 OmA 

^WSt©,): 9$f£ LVffiHIi, ii$110 0mAh 
USTcflO. 2~lmgt'Ji)5. 
[0 0 6 2] 6 ) 

h K«>JB1 <09\-mtti>\ mZttO. 3mraKTC$ 

Sri^<i-5w t^T-t^troro, pT^tt (flexibilit 
y) Sr*-r5fc*l£*tt«Sfctt#*«»»a»fo»£i- 

[0 0 6 3] sg 1 o^i^snstJiiu, flsjx 

^T-tS. AttWKli, ttE«lo*l-»Hll. 
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[ 0 0 6 4 ] fflEIB 1 (Dt\-m&<Dm £ A 5 0 . 5mm£i@ 

10 SM#CDJ?$I2 0. 3mm«Ti:n:iWSL<, JE 
L< 12 0. 2 5mm»K% *t.»*L<liO. 
15mma7t'3D5. St J?^d50. 05mmit)» 

Ii0. 0 5mml:f5: ir##S LV\, Hl-Sf* L^T 
PSfflliO. 0 8mmT\ ftt>$?£ LV^BSHttO. 1mm 

[0 0 6 5] 1W1E* 2 &*5ite. 

* *: zmwr-t zmm a 7 * /u* *m \ * s r 

JSJH4, itll TA-s: = ?i» N ^xvu*, 0c. ffl, 
y tf u>«*fca£tf 5 r t ^t*# s 0 

[O O 6 6] fltrfE^2ro^WroJS$*S0. 3mrai!) 

SS^ff^li, 0. 2 5mmttTl:t5;i:*!84L 
<. IHwffSL^iBBIiO. 1 5mmgTT'fc5. * 

&-5„ rofc*. /?:^WTPSfiII*0. 0 5mral:f5r 
t*s»*Ul<\ SSI-»* L^TPfiMliO. 0 8mmT\ 
at»*Ll/>fEfflliO. lmmT*fc5. SJlffi^ 2 

Ki^gltroff^li, 0. 0 5~0. 3mmCO®ISrtT-fo 

5rtW*u\ uv^iaiio. 08- 

40 0. 1 5mmt-fc5, 

[0 0 6 7] *Hfttt©ff3l4, «TlwKWf5**fe-ca 

t, 2tMci cm«±gitvT#l£-fS 3-#,SrffiSclCS^ 

;w*/i-A7 5 KSJK-Ctt#ll5Z tlcj; 9 PVd FSrl» 
50 *Lfcm. e»„ 
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[0 0 6 8] fflK7-f^M*««-*fl!t*S»^ MIS 

w&m^nwimn'ptK kb-mm&tztiiz&mm 

[oo69] r <D#*m.Mm-ikm.mc>-mx'hzmm 
y j>.4*^-ikmm.$:m i &xfm 2 i,xum 

[0 0 7 0] Dili, «s|i:ifc^i <o#*m#??£ 
-TSfrSIl, ID2l±lllOAa5Sr*1-t£^:»rEll, @3li 

[00 7 1 ] M 1 ICl7jH"J: O t> 0iJx.tf7-</WA*^^ 

JF^^^lHl$ixfc«it5r^-rs„ ltfJiEffle*&l4, H2lc 
^n5l:, (ElroTlRiJA^) -fe^u— * 3. IE®/i4 
tiEfiE*«tt:5 t3EHS4*-(S^.fcjE«l 2. -fe^U- 
*3, ^i!6 tftffi*S(*:7 iAffiS6Srffll^fcA® 

13, -fer^u-^3, jES@4 £jEttfttttt5 tliS 
4«r<H;fcfcJE«l 2, -fe^U-*3, *Hl6tM* 
m^7$rffixrcASl 3jJSr<7J|iR#|cfl|Jl$ttfctW^ 

e><cs. mts.rn.mm 2 »4, **ji(z:tiri&ft«*tttt7as 

$ix-C^S„ E13li^-rj: pi'. JESJI4, ±y<U— * 

*ix-Fix«»SJxru^5. 3E«l 2XUH?/iu-# 3 

14, lEIi^.Rtf-fe^u— 9 3 rortgCRl/wtLbro^ 

5. £ffil 3Sl?t^V-? 3 14, £HB6.Rtf 

i4, ffi?zf\-m&iPi<om&nM&2iz-£mztix\.^Zo 
hhk^jes y — k 1 o i4, —ffiumt&mmm 2 ©bmeje 
5 izmwizti. *»ote**s«tiiE^**r 1 *><b® 
msnr^a. — *, — ki 114, —mm* 

[0 0 7 2] §u5£L/cl] 1 |C*51>TJ4, m«B8¥2 

[0 0 7 3] rcDflfJiELfc (a) 
i"5 (I) ^j£T-^it$ix5. fcfc'L, 
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~ fc*tt©K**ifeW:*«9l0>ttfflfc fc 5 t> <£> 
•TfctLl4EAT^flglc:|5S^Sii,5tcD-ci47iev^ 
[0 0 7 4] <§S!iit^j* (I ) > 
(SB lie) jEffiStfAg^d-fe^u--:?.*: LT#?L 

[0 0 7 5] MIEmiig¥»4, jE*t*«Sr-tro|HHc»Ji 

K*ISr4i», fcL<tt»**:R(;:*eiaLfc*. H^ft 
(cJEffii-5*\ *>5tM4E«4:A«*r't©|H|(iSS*tt*r 

#ife"efl*M-ai:. fti*i-*JB2ieic:d3i»^T. E«. 

&X£Z 0 -t<D>£&, jEffi. ftSRUt-fe^u-^l^t 
Id, jESt-fe^w— ^roftHLavAffit-fe^w— 
20 [0 0 7 6] Sfjf2EHl4, ES^Rl^m??] 

S. mJfEIE® *m^J, ^?HJS.TJ ? «m^i: LT 

14, sfjsELTt (1) ~EM<omx-wft\,tz.<r> tmmt£i><o. 

[0 0 7 7] MIE^^I4. y^^AW^-VSrK 
i©E^lT- 1 0/ t L < 14 2 ~ 5 H^SPgT" u ^i" 

30 51 

[oo78] ffiummn®), mmm&Ttmwtt lt 

(4, wf&Ltz (2) *ffiro«rtftWLfc«)tra«{<ct© 

[0 0 7 9] iitJfE-tr^U— ^<D#?LK->— h t LT14. 
SuiELfc (3) -fe/N-u-^C0^T-|ftP^LfccDi|5]«/it 

[0 0 8 0] (f 211) «*tK»I3ixfc#MR#rtfc 

[0 0 8 1 ] g«JlE^WLTI4, tfiiELfc (6) 

[0 0 8 2] rnitd.mm&Z&i- Z&tt* t LT(4, husE 
Lfc (5) »»*tt«r*-r5K#*©*-e»W]Lfc«>i: 
H#<Ct«)**lf<5rk**-C#«. We. PVdFW 

[0083] Suiei$^iwi4, 2 o ox:&.T<omm 

50 #Jxl4, ^>^U7^yPAT5 K (Ml 5 3t) Sr^ 
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k. «3*-t-5Hffiia»©ia««: 1 o OTCJsTFfcLfcB, 
©»jfc4r5 0lC*Ww-*-aJ:. #IiEig>££mffiS¥(;:aA 

?>„ ^^ro±t8fit«, i 8 6v,\z-rz,z 

10 0 8 4] 1WfE««*»»»tt«r*-*'5*# J ?-'»5«« 10 

ti. o. 0 5-2. 5ll%otw:t4rttfff*u 
£0. 0 5Sfi%*«!::i-5£. jEAffi&IJHr^u-* 

— *, MffiS«a s 2. 5li%l:ix.5i: > #7Km»??£ 
Z>tirt<n+ftt£&ll8l*'ft% z t ^HHir ft 

fflfi. 0. 1~1. 5fift%T**>So 20 
[0 0 8 5] BuIS^^iiAfttt, M*5Mm<Dl&&&.$: 

w-rsis^^st^o. 0 5-2. 5m&%x'3bzm 

£\ ®J&g* 1 0 0 m A h M5fc "9 0. 1 — 2 m 1 <D&m 

(DX'&>2> 0 HtllEaAfi^rO. 1 m 1 mmiz.-j-%k* IE 
ffi> Affi&tf-fe^w— ^<DS*-|4=Sr+^-(riS*Si 
BSl:<i:5SHiJ!fe5 t — BiJlE&Afiri 5 2 m 1 &m 

SStftrtSfeSo HtFlEjiAfiroj; 5»4L^®lli, m.m 
filOOmAhStOO. 15~lmltfc5. 

[0086] (is 3 id mammm^n^nm^-r 

Z tic J; DlKrE»ffl«f HfifEjEffi, £ 

^Ciogf^ixs. rro*^$£jSici 9 iWria 40 
mmm't>ic^iitiz*.ft(Dm£;i:m#f\zft 0 z t#T-# 

[0 0 8 7] ft is. miieSffii¥li. **o*««:*trr 
t SrffFSi-*. 

[0 0 8 8] 1!trffiJt£f£jgtt> 1 0 OXZSXTXfto Z k 
S2K«roiBS*5 1 0 O'CSrS^Si. BufE-fe^ w-* 
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^i-^. Xffift*oa£#«< ft S IS 

ix*sfcs. z<Dtitt>, mm$tmg.mz. 40-ioot: 

[0 0 8 9] (£4 IS) tffffifl-i&ttrt 0>«SWfc#* 
[0 0 9 0] WIB**ftW*i:Uri4, Huifibfc (4) 

tt&nmfe<Dmx-&mLizi><okw\W£h<o$:mi<*z>z 

[00 9 1] «&3!fiLfc*[ifi*fe«w*3V^T«:. 

>ssr^s$-y:fcm, ffif£.m.mmiznmm*m-rz tic 

^•Ktft LT^^AWftfrtMC&JRffiSr fill, 
[0 0 9 2] (IB 5 IS) JbfE<a£n < IzmZhiLXtz—ltk 

mmz3 o"c~8 or^tas^T-e, o. oscy 

±, 0. 5 C&CFC93fESi"— ^t*w?E^;5r^s-ro C<D^ 

[0 0 9 3] lcjtmt — htii^^fi (a 
[0 0 9 4] BfJie#]^ffiroj&S£i!fJie$5ffll^£i-£co 

x;mffix3bz>h. $tfrmmm(D&ig.tfim\,^-£xhz>£L 

^8 0tJ:lt5i:, IEffiSU ; Affilc^*nS^*?t'JA5 
[0 0 9 5] ^m%M(0%m^— h§rO. 05 — 0. 5C 

[00 9 6] r Oi 9 4lSS:*«t« i t C ioT, 
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5 r t &x*zz>tztb, #fcmmwL-&mti<D i k h z <d 

t 1 kHzOf^^^e-^V^OfflSr 1 OmQ'Ah 
j£Jl±l 1 OraQ • Ah^TO®ilct5rH 5 t*#5 0 

[oo9 7] &^t% mjiSbfc (b) zmz-tzmmm 
&mzz#frmwm-frmmz^^xwiwir2> 0 

[0 0 9 8] SSIEjE^ huIS 

[-0 0 9 9] mJlSir^u— ^ <t LTIj:, HuxiiL/c (3) 
■fey* * (DMXWlW VstzCDk mffitt t O^ffl v * h tl 

L/c (6) ^8^W!SLtO^«Jit^fflV> 20 
[0 10 0] WfE3E«tt, StoK, te*#J»tfSM3M«: 

Uli, Su5£L/c (1) 3E*0«lTRIBU*:OilRl*R& 
•[0 10 1] WEAffill y ^^A-Y^^SrRlK • Welti 

*g**JXtf*«{*i: LTW\ Su^Lfc (2) A«0>WT 30 

[0102] MCA«Jitt. «r»Lfcy ^j^*^*: 

t\ flTEAMMMfe, NCMWM, SMMfcJMEfttt 
Xtfltfifey Ltli, mJ^Lfc (2) 

[0 10 3] ~<D-#:mmi*. «x.tf, WTKRW-Ta 40 

#8* (id -e*Kt$ixs. 

[0 10 4] <«i&*8: (II) > 

(JSllS) «T<£> (a) - (c) (Ctftf^-f S27*fcir± 
[0 10 5] (a) :E«Rtf*tt£*oraiw-fe'<U--* 
[0 10 6] (b) 3E«tf**«:*©mi-*'<l<'— * 

[0107] (c) ]E«av*«*r*onm^-fe^^— * 50 
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«:4h3E £i2:T 2 B£l±»rO *lf £<> 
[0108] (ff 2 IS) «*07-f ^AB^ttrti: 

[0 10 9] (1318) mj|Sm®SfS:4 0-1 2 

[oiio] «B*»ii, me«s«^me {*) 

(b) Sfcli (c) ©*tt-CfRB**t6»*«il48l»* 
[0 111] «rE**tt, Mictf, ^^riBB, *>S^ 
[0 112] ««»©JSIc*feff9»«wttlE«S»OjHlf» 

BWB**C*. ^-*0>«ttffi« 

t>jtl*-rsr t36s-e#5 0 ~-^ > ffie«««oiftA^i 

*sfc5o J:0#*Uv^Jft«tt, 6 0-l0 0tt*fcS o 
[0 113] t»3fiLfc»S««<cJD|l!lL*3aSfeOj«» 

Li\ 

[0 114] IWEJ«»*r^^*»lwJ:5lT3»*. ^ 
U-^JEIi, 0. 0 1 — 2 0 k g/c m 2 CDi£(SlCl-£:: 

5 0 ^u^IESrO. 0lkg/cm 2 J:^i<t5^ 

SWfo5 0 — :/u*EEj^2 0 k g/cm 2 «Jl 9ig 

[0115] «4i© «HE*ns«-rto«swiJi** 

[0 116] «r3*Lfc«H»*ft^*5^T«, 

T4>at\ flft3*Lfc*l^xa^J:9 
««WS:f^«i-5. mE«*»«:4 0-12 OtCWi 
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[0117] (ft 5 IS) ±fS<0*D < (Cta*fi Tfc ~ ft 
Sft|:3 0t-8 0t^flS*ftTt, 0. 05C61 
± % 0. 5 CJWT^^m^- h-caj5te«S:*-*-. ^<D$k 

±fToTfc<fcV\, 4fc. ^?EmfJi-3 Ot-8 0«t<E>?& 

[0 118] I5ES] JSl^fi* S^tO^S I h 

[0 119] roJ:5*xaSrA«-r5ni:lcJ:o-C, 

l k H z <z> 

£ 1 kHz^rtgB-Y:^— y>-^<^fflSrl OmQ - Ah 
gJLhl 1 OmQ • AhBT^iCtSltmSo 

[0120] fc*5, #*W(w«Sff! 1 0^7Km«?^-ft 

SrflSEbffii-if ALt«gT*fcott«t^o *<0«£\ 
[0 12 1] &^"C\ *«W^«5JB2 0*7k««*K— 
[0 12 2] r(0-ftfl«l«i, IE«Am#, XtfffiffijE 

[0123] mujEmmmnmco^mm^ «tk*«s 

OB^IilO-lOOMmTfeSe litre*** 

[0124] z<D-frmm*, mmiEm, mm^mRv 

M&±'< * *«— <*:{fc § ftTi^ft < T ft t ^ ±UT 
co (a) , 4fctt (b) lcKWi-5J:5ft*#-C-#fl: 

[0 12 5] (a) SSEIEffiS^MIE-fe^U-^^-n 
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[0126] ( b ) tfjisiEffi. SMe**xt/strtK-fe'< u 

[0127] ~<0 (a) (b) 

[0128] Sfc, Mffi—ftS?&Ji, ffiSfc^fi (Ah) 
t 1 k H 2 (OHftrt»>< ^ f-^y^ (mQ) 
Omfi • AhK±, 1 1 OmQ • A hJ£JLT"CfcS r. £ * 

So <fc OS 1 * L^ffiHtt. 2 OmQ • AhJ£JL_b, 6 0m 
Q • AhaTT'fc^o 

[0129] yt°- ^>*£>fB£ 1 OmQ 

• AhJ^±, 1 1 OmQ • AhZXT^-fZcDft, Mz. 
ff, fluid! Lfc (I) (DMm*fe*\ fcS^tetfFSfiLrt:, 

(id (DM&Jjfeizx y}-*imx~&>z> 0 fiu m i-*3 

4D*«*fr«:, IMt^y^-^WlOm 
30 Q • Ah^l, 1 lOmQ • Ah«Tl:4S<t5l:8£ 

-rso (in tcio^-m, ««»srfijc»-rsBR^ 

— ?>>X<Dffi& 1 OmQ • AhJ£L±, 11 OmQ -Ah 
[0 13 0] JWT, Htl^L^ (a) SrWSi-SWffiWS: 
[0131] 1 ) jEffi 

40 ® l^ffi^ ^ ix/c^it ^r^^ 5 e 

[0 13 2] 1WJ|E»»K, W«»J. «*^^^rSi^^ 

[0 1 3 3] ffiKlEmt£WKm<0&£l** 10-10 0 

/xm^fgfflic-f^c ^Mm^m<om^t\^ 
*mfrscowB5«wjEas4ft»JiP*sfii*sn 

50 irftm^irgi-^jEaS^M^^P a i<Dffi«t3ft5jE«S 
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roff^Tjsi o~i oo^mf, ]EffiJ£*StB<o-e-ftj?$ 

0 — 2 0 O Mm©Ili<t5. jEl£&^KJiWl?£ 

L^TBflli, 3 0(imt, E»C$J£ Ll^TRffitt 5 0 
nmffcS, — jEffi?£*ffS 1 0 0 «mlr 

Lf>±PSfiStt8 5 u mX\ 3EI-$?£ LV-LRBfiHi 6 0 ju 

mTfc5. itic jEmftyowmnmz i*, 10-60^ 

Ll^fEHIS. 3 0~5 0 u mT-fo2>. 
[0 13 4] tfNE:E«S*9K« KTKttMt 

<£>¥*$HI£rgffi-r&r tic J: 9:iEl£<£>J5:£*ri»J5£-r5. 20 

jE«SfeSSSrKt*Lr*»tjESwJ?:*S:iBlJ3gi-5>. ft 

^•roJptS)MSr©ttJi-5wi:lc.i«3*»t>e>n«>.. ffJfEIE® 

[0135] msjEmmwmn^mmtt. utmskms 30 

sfMi, 2 5~4 0%<o^fflic-r2>r tw*u^„ rix 
li^Oip^Sftl-i-S'bWT-fo-S. £R£3S£r2 5%* 

(DX 9$?* Li^SEfflli, 3 0-3 5%T-fc£ 0 
[0 13 6] HfJK*®#£ LTIi, £7LWRi&<OiVW£ 

S)5lM4«?Lro3rm+tS«SrfflvSwi:!iS-e# 40 

ffi#<Dis£i*, 5-2 0 m mntim^-fz-ttms. L 

[0137] 2 ) fc« 

5. 50 
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[0138] tJ±j • %ctx-rzmm 

ft*. tt«*L &*tt£*-f SK^H^ )^3&SiJXV*m 
[0 1 3 9 ] Jiu!EA@®$&>frJIOJ?£i3, 10-10 0 

4§£\ A®S^ICewK-ffi<oJi:$^i o~i 0 o M mi: 
L, *>oAHfSfeKgro-&H-J5^Sr2 0~2 0 0 <im<D 

©Hi--rsi<!:* s s*Lv\ 'hw&mmmnw.z * 1 0 

fife*, J.^»¥-*««:+»lcKd.h*-tt-Sr t*HJ8 
T\ JEl-if* Uf>TPgfii«5 0 /im1?fc5 D 

l\±&Bffili8 5 (.mf, Ml-*?* Ll^JtPgffif3 6 0 Mm 
T?fe5„ £1®e*9tJItf>J¥£ti:, 10~6 0/im 

£L^iaffll*. 3 0~5 0 u mffoS. 
[0 14 0] fflrlSfttt&ftftJIiaVdtt. WTfCtftBJi- 

^jH'J^-r-5o *m^J?^li, SvMri c mtl±^ixT 
#«Ei-5 1 O.^SrffiSJw31tRU, #j&K>J5£Sr«'J^U 

[0141] tulE*^fS^K^ro^l#:^lis 3 5 ~ 5 0 
lzXZ>k<OXhZ c SFi^3 5%*il:t5i, 

(i, 3 5-4 5%T*fo5o 
[0142] StJlE^^K»^U'SuI2^«SiJOiS^fiJ-& 

it, mmn®> 90-98 ss%, 2-20 as% 

ffiSrf^jaUfcttlR-C^-aB-Cl 0~70g/cm 2 WISH 
l:tiri:45ff4Ll\ 
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[0143] fiMBftS&feSJBott&li. 1 • 20- 
1. 50g/cm 3 C|51l:t5:iWSU\ 
[0144] ttttMMitt LTtt, #?LfCti?i£ro3|®tt 

14, 5~2 O^mroffiffllC-rsrtASffSLV^ ~<Dm 
[0 1 4 5] fltM£ft&&4MtJ|tt. frsELfcy^^A^ 

[0146] Mie*Mfefl:fe. lftC*MMbto. Bfiis^ 
mmt®. miEy^^A^&i urn, atrsBLTfcjri© 

rims. 

[0147] 3) -fe^u— * 

[0148] S&E^TLKf - h £ LTI4, fflSfi Lfclg 1 

[0149] 4 ) &7}<.mmm 

WIS^7Kffi<B?Sl4, T-^D7n> (BL) Sr^tr 
J*J**H:«*#*S*±<*:05 4 0 ±, 9 5M 

Sr*t^<t5rt*»*U\ Jt«S4 0#ffl%*SS 

*-Kroit*as«»«llc:il5<*<5fc*. SMtttl^iL 

#*mmi$<r>mmmRvmm®i 

9 5»«%«rttA5i. AffiiBLtroSJCd^tSfc 
(«'*.«, y^A-f^SrRM&m-f 

<-M4*«*ffi0M vtr— ^ IHi<E>;fc#c 
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-2 0 c C#i£Oteiai8itTT-O»«gfi$r«J;t)r6)± 

±. 9 0#W%«T-efc5e 
[0 15 0] B L tiR^SilSSii: LTI4, S^*- 

[0151] HirlBStf*-**- h t Ltll fxx f u 
h (PC) , xfuy*- h (E 

c) . tr^u^*— h (vo , i-!)7pd/d 

f^*-*^-h (TFPC) 4St*sa*Ll\ flfrfc, 

■4 9 A*m t ±nffi.tk&<&&*:±mizfo±-r 5 r i 

#5. *fc, B L ta-a-r-SMco^t LTIi, PC. 
VC, TFPC, i^oi^yu* — h (DEC) , > 

^/n^u*-^- h (me o %.xf : %mmt'&®ti* 

iECtroi^lT-JbSt, *«rtt-^W^/H»tt«ri*! 

[0 15 2] *felc»«Ett«Sr(ST$-B:S*jfe*»e>fitt 

20 T l4#J*J4*gOI* K gitf^— 7VK m^^i— 

[0153] *«Wlc»a#*»tt«> J: 9 »* Li*L* 
14. BLiEC, BLtPC, BLtECiDEC, B 
LtECtMEC, BLtECiMECiVC, BLi 
ECiVC, BLtPCtVC, fcSlMiBLtECi 
PCiVCffcS. l©t^ E C (Dfrmttm* 5 ~ 4 

taStOt-feS. EC<7>Jt*S:5ftSI%*«{r-r5 

30 n^fcsfcfc, titBLtrosc^ti:, atiSrtt-tH' 

5„ ECroJt^^OW/o^SiSt, #7Kffi 

ECrotfc^Ml-if* Lt^fflli, 10~3 5ff 
a%T-fcS 0 DEC, MEC, PCMVC/J'f) 

$ix5c ^7k^jK»-*3tt5DEC, MEC, PC 

MVC^f>Itfii5'>i< 1 1 1 a«o»ttE©it*iS 
1 0<$^%Sr^±5£. Kitt»*T-C**«*aiJS|Mk: 

i-5Sn>45fo5 o rctif), ^7Kigj^iw*iit5DEC, 

MEC, PCSU ? VC^fjiU4ixS'>^< tt. Ill© 
*«E«><*aJt*tt, 1 0<*:fB%aT£-r5r t^SI* L 
50 3Elw»SLv^«JtW4. 2{$ffl%yTT-*>S„ * 
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[0 154] #C, 4 0~9 5fta%©BL 1 ECS.!* 
VC**tr#*»»ta*#SL^. w©**»jKS:^tr* 

<zm > v—yisx ^t±m^i&T r. £ a s T*# 5t* 

Id, AffiK&Jfl y ^^Aiswm-r^roSrffljSJi-sr £# 

Loo, tfajtitt*O:tf**£t:ttMlT*«tt0KS 

5<DI4, 5 J: 5^^ffll-«t5tOt«aiJ$ 

Jx3. l!&fE~Jfc«?fe(c*5^-CI4, SulEA^ro^ElcE C 
£J:SfltgAK]P&A$Jxe&bQ;t.-C. VCKJ:3»< 

S." 20 
[0 15 5] 07kmmt LTI4, flUitiLfcmfrJcSr 

W^SfcOOSft*? ►>(::, 4 0~9 5i$a%©BL, EC 

t&ik-B-Vot LTI4, 0iJ;fc(4, -<>-fe'>, 

i/y, t*7 15*4^*7 = =/i^ibilt4;ft.5i!'-& < 

it. 1 fBS£r*glf 5 r £ *s-c#6. EC 14, (0tJx. 

CO) ©*Efctt»LTflHBK*r»J*U ^I^BLiro 

3*14, iffl&LfcOil^/jrSffeKJ: "5 5-4 0#ffl%£ 30 

i-f>r tasH-*Lt\ £fc EC<oit^<ojgic»* lv> 

S6HI4, 10~3 5M%tfc5. — ^, flaiE3?*flHfc: 
temn^s-e >-igl4, (0>J;U4\ y^^A^^-v$: 

vfc*, ftffiiBL £<£>££ SrifliffiM-Sr. ias-C-#5. 
fct, 4 0 — 9 5 tfc%i%(D B L , ECS^fSft^ 

£<£>KJ&£+:9-lw}rp;L5r 

fc#*»*ttt, DEC, MEC, PC, TFP 40 

C&U 5 VCa»e>SH4**x5'>fc< £ t> 1«3S*» i§l£E 
Sr^tfr ki!>W£ Lv\, DEC, MEC, PC, TFP 
CRtfVCi>blSn5'J»4< it iaJR*»P>*5*«E 
^i^JD-t-Sr ilciioT, Affit B L troSJ^iSrMl-Jfl) 

mt&%!>. DEC, MEC, PC, TFPCfitfVC^ 

(4, ^irpgs$tv5tror*i4/«c<, rroitffl^si:^,); 
5<c*i-Rfisn*. (it. #*#«tic*irtaiwnefl5 3 50 
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*ttt«>Jt***l 0<fcffl%*ri®x3£, *«lt*T-C#* 

i»«*^fiT-*-*»n!i»*>5. :ofc«0> 
tt3IWn*3»|*©fc«Jt*li, 1 0#:ffi%aT£-f S 

TT-&5. ($ait^«75TI5fiffil4, 0. OOltti 

%l:t5:t« 5 ff*K, UOTPSffil4 0. 0 

5{$a%r-fcs„ 

[0 15 6] StJlE^*mft?fSlC-g*n^mft?«i: LT 
14, fttlaZtS Lfclg 1 <0#*ft#«z:&*Jfc-eiJlW LfcW £ 

mmtthcD&mifzz. t^x-#s 0 •pr-t, l i pf 6 
[0157] m&&mn<omis.#*mmzzt-tz®M& 

(4, 0. 5~2. O^eyw/ 1 £-t"2>r t^a* Lt\ 
[0 15 8] IWfe#*«tf«Ktt. -ts<l—?k<Dmi\ 

?>^B?§tt8iJ£ 0 . 1 — 1 %<D®ffl-C-^DLTt>S.V\ 

[0159] HulE^*««?*S<ofii4, iastfcSiro* 

Mfiff 10 0mAhSfc()0. 2 — 0. 6glC-TS 
0. 4 — 0. 5 5g/10 0mAhtfc5. 

[0160] 5 ) mmmz^-rzisift* 

v\ *»*>5S5^I4, y ^^J*-? 

i«v^**5»*Li\ AttWKtt, «rS6LfcSBl©#* 
«#«Zl&«ifi-CSl9J Lfcro £ t«3«r*lf 5 r £ 

a* -eta. #(-, #y 7 wis tr= y li\ 
[oi6i] WKifcjfttSrar-raiiw^-Mu e«, a 

5, 

[0162] «IIE*}ftl^*n5»*14Sr*-f 
W^fil4, Sua! Lfc» 1 ©#7k««iK^»:*»-rtttM L 
fcO£|51«^Sa(C < ttJ, IMIlOOraAhSfcO 
0. l~6mgl:t5rt«5»*U^ ^3SttSr^-r5 
iS^ro^SWi LVffiffll4, gifilOOm 

AhSfcOO. 2~lmgT-fo5c. 

[0163] 6 ) ^«tJ 

r<7?^«ICI4, «flgSS-^tfJ?$*SO. 5mmaT(0 
•>-h*>^i5llC^W', /f$* 5 0. 3mm£lT 

[0 16 4] ^ns7^ypAM^*rsrffli->5»^, me 
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[0 16 5] r.^#*«#»i:»c«&^— 0»J-cfc5»S 
]) V *ttffe4-BI 5 -12 7 St#bb LTi¥»:i 

[0 16 6]B5(t **W^ffife5»2^#7k«*» 

-t-WrffiH* H6tt|g|5(OB»S:*-t-a:^:»rffiEI. El 7 14 

[0167] El5U:SM-<fc 5 0!l*.li:7-r yw^feft 
^^M2 1ll ®®8*2 2 £r£2BLTV>S 0 mJlSm® 
jEffi, -fe^U— ^*5±VAffi36>fe*5aiB«? 

Bl6tc^-rJ:5l-^ (0OT1^5)) -fe^u— *2 3* 
jE«S2 4 i:IE^*m^2 5 t jEHJI 2 4 Srfitx/cjES 
3 2, 2 3, ^812 6 «t^®*m^2 7 t 

2 4 i: jEffi2ll«f* 2 5 <h jEffi« 2 4 £rtf!i;tf;::iE@ 3 2, 20 
-tr^W-*2 3, *H2 6fc*ilt#2 7fcfjtt 

@i¥2 2I4 N **JBl£fluE:fiffi*««:2 7^tttLTV> 

5 0 ffil2«ffi»2 2o«ffiji, 1&mn2 8^#fttT^ 

5c ttE*«»2 l<fcrtffitt\ «HE»*»2 8(wgMf£ 
tLTl^o H7i:»tt IEii2 4, -fc^l * 

*2 3i4, Igl2 4jyt^u- * 2 3(Drt«I5Xt^r 

S**ixTt^5. — *\ ^@3 3Stft^l — * 2 3 
IS, ^16 2 6RTJ J £'<l'—? 2 ScortSPXt^rixb^ 
8t*^^«Ei-S«*ttSr*i"5iK» : f-2 9lc<fc 9«*£ 
*VO>5 0 #zk««ffil4* fJlS^S»2 1 ^OSulEm^ 
W2 2K$»SiXT^5. «r*t^jE«y— K3 - 

«#(£>A® y-K3 1ll -i8#flfJE«1Si¥ 2 2 ^HfFffi 

2 7(c»a$n, *^ffe*a*tte**** 2 1 

a>£>5£ffi£*iT^5 0 40 
[0 16 8] ft*5. mJiELfcH15{c^o^Tii. 2 
2 0*ffi£#lz«#«2 8fc»/*Lfc#* 2 
SI5lc^SfB2 8SrMttt6v\ WSW 2 2 
«*«2 8SrJBfiR-rs»*, < £ 

2 8f*fc<Tt>fti\> 

[0 16 9] ^OmFitiL/c (a) (D&flr&m&'tZMM 
(I) . i"4fc>*>, I«»VA«oMlw-fe^u-^ t L 50 
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Sr 5 * it 5 r t \z J: 9 ft 

tulE-^m^l- 3 0^- 8 0tO^ftTT\ 0. 0 
5CJ£*±, 0. 5 CBT^**!'— KTlD»**lfc"fX 

[0 17 0] ft<^T\ mJ^Lfc (b) Sr»Si-5Wi» 
ffii8Lfc4 0-9 5#«%Oy-:/^n^ 

[0171] coxftwtwcfcsi^-cte. wreiEffi, me 

So 

[0 17 2] WEt/<l/-# £ LTI4, ffla*Lfc3S2<£> 

**m**x»m»(w*3jt* (3) -t^u— *o«-e» 
*«#»x3c**,fc:i3tts (6) *hk»^«-ckm la. 

[0 17 3] tWEjEStt, »#*J&t/*«»JS: 

m*<tLT(4, «raKLfcffiiKLyi:J(S2«>*7K*«JSXft 
«ffi(d*5ltS (1) jEttOtH-CRWUfc^ilRiattfeO 

[0 17 4] fflEE«e«Kii«>jf Stt, Stj^Lfc^i: 
P«fta*tCi 9, 1 0— 1 0 0 nm<D$&mz-tZ> Q 4e 

jESSWi^ttf S Ii2 0-2 0 0 Mm©« 
Hi* So I«SMlOTKiltt3 0 Mml:t5li 

3ESJSftm^±H«H: 85^ ml:fS r <h 
L<, lEI-S 1 ^ Lt>IEffl(4 6 0 )u mtfcSo jE®S^R 
I^f $14, «jaLfc»2©*7K«*»X**»lc*5^ 
TRWLfcOfcWaKcaftJJiJ:?, 10-60 M m^$a 
Hl^i-4ri:dS»*L^o Mlw»*L^tBHI4, 3 0- 
50/i mT'fc5o 

[0175] WEE«S»K«^ffil«*tt. BuEA^S 
*I4. lBrJfiLfc«>i:ra«4a*«c:J: 9, 2 5-4 0%o 
14, 3 0-3 5%T*fc5o 

[ o i 7 6 ] miEA®{4, y^^^-r^^^piiK • am 
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mffim-frmmctetf 5 (2) ^m^mxmm^tKDt 
[0 1 7 7] mmfk^mmnm^wzte. ifii&Ltznt 

fB^£;HTl^^£\ ^^^KS^fl-/?^^ 2 0- 
2 0 0 /i mtZ)i51!:t^ r t i>mi£ LV\ AffiSfeSCJl 

I«l«5 0/im1?fe2>c — A ®?5^eS <0_hPSffi 
f*8 5/zmCt5r^W^L<, Mid^F^L^iGlS^ 
6 0^mTfc^ o r&^ffi^fCif ltu5£L7c|g2 

Id J; 9 , IO-6O/2 mOfillwt 5 1 1 i^ff 4 L^. 
3!4::#* Lt^tSffiil, 3 0-5 0 ymtfc5 o 
[0178] miE*«»*KJi^2SI»*«4, SuiiBLfcO 

tm*ft3aft^±o, 3 5-5 o%otefflic-T5r 

ff*U\ fflBfc*^J:9»*Lt^«SHtt, 3 5-45% 

10179] miE«*K«xt/iwriffle**J^ia^w^ 

l*> SII»9 0-9 8li%, «*#J 2 ~ 2 0 

ffiSrffSSlL^ffi-e^B-Cl 0-70g/cm 2 <D$SH 

[ 0 1 8 0 ] flMBAVSMJloftfttt. 1- 2 0- 
1. 5 0g/cm 3 tf>fEHU:t"5 

[0181] r <o -&mm*. w& i^tzm 1 <o 

#*t**r?fetfti-l3t>TH« Lt«S*S (ii) , 
SSr^tSIii, ffirlB««i**:4 0-1 2 on^O 

IC3 Ot-8 0*C<O^JS^TT% 0. 0 5C^i, 
0. 5 CEITO?El^- ht^l^fitlSi ^11 

[0 18 2] fc*5, **M^ffisiB2 0^7Km«iRrj>: 
[0 18 3] JK±»JCLfcJ:9J-**Wiw«S**tW» 

0. 3mmKT^*»;ft*«tS. BuE^zk 
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MKtt. y-^f p-?^ h>t***K±#O5 0#a 
%J:9#<* 9 5fta%«T**i-S. 
[0 18 4] ^*m<WJK-2fcffi?l!H-*5V>T(i. J¥££3 

10 5 0 :^f:fc, *S#0. 3mmBT^8tfS:«fflt 

[0 18 5] 7 -yfo^ h^mk^w^ttic-rc 

%4i^<«:H^5/:^ J¥£#0. 3m 

[oi8 6] ttjEx^mmtc^m^^Bg, 

£3 0 — 8 OtCL, 7$>o?Em h £ 0 . 05 — 0. 

^Rjt^x^mmtm^m^^(D^nM^^ r t 

30 as-e^s/ctf), w^i^ y t - ^ y ^ ^fi < t s : 
[0 18 7] Mi:g53t*l:isi^, ^7KB« 

jffioy^Aifioaff&o. 5mo i / i eJiJiici-sr 

[0 18 8] *«»(wS3V^T, Affit L 

/B^SBS, WES^TkSKC^^u^-^-bSrJEfc 

iaa36*fe4**3««S:3E(-*****w4:«cJ:o 

50 r. ^mmm^mmxmm^moz t&x-zz>tz*>. 
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[0 18 9] &*ftl-*3V*-C. SJ&SS 

(Ah) t 1 kH z com^^as-f (mQ) 
«10mfl'Ah«l, 1 lOmQ • AhgTCt 

[0 19 0] *«Kt-«5-?fc«?l&l-*5^T. *flE-fe'< 
**s^jKai8*4 5 6 0 08>/l 0 0cm 3 JKTffc 

[o i 9 i ] t r^T% #«WK«s-#:ffl;?i&K.-&£n- 

mm&.*m-rzi8ift*izi<Q-mt-rz>b&\z.. me* 

5. Ir1B#I::, iUrSBf <D#*$8£.£r J; 9 -JUSig-fS r. £ 
#r-£s. 

[0 19 2] #^HJ|;i#3-&m*l;i:fc;^-C, WIEjE® 

-r s & w-r s «t 9 - ftft * * s r 1 1 = «t 

ot, Witt*. JEmk-ts<\s-*<D 

»«:tist*5t», tomtit* X*)fa±.1rz> 

I01 93] ^flWI-^Srftm^l-fcvr, buIEjE 

«K£*ix38»ffl*«lffi{fc£*S C £ K«k 9 -WfcS 
•arSr il:iot, rtSWSSi«Hft<«ofc* £ . JEffi£ 



(18) ^^2 0 00- 2 3 5 8 6 8 

34 

So 

[0 19 4] £fc, 

wssJig^ati, ie«£. y^-^A-f^sraK-jkm-r 

9 . i>o3 O'CW-hS CCWTWifiSTO . 05C£Ur 
0. 5 CWTtfJjfcffiu— hX'V}3ZW.£ft?T.W.$:M,ffi-t 
S 0 

[0195] **wo***<B»r?fe«fto»ifi*j6fc. 

£*£<-f Sr£as-e#, JS»««J*Uffl*SrJli< "fS =. 
20 £#-?#. 3IKW5c«»«*«:l«il±-rSit*s-P#5. 
[0 19 6] **Wlc«5*zk«««z:ft«» 

tr*M££, ^IEiEaSTJ t SflIEAa<0^(ciEg$ixS-fe^'« 
L — 9 k IrlxSSIS ; trSEmffiP^SSn, 

#0. 5mmElTOv'- h*»5>45^« ; SrMt 

*«E±ff © 5 0 #9% «fc 9 # < , 9 5 fl^%«Tttt 
30 So 

[0 19 7] 9/«c-j**mi-iixli« 
Sr'><C<-rsri:dS-e#Sfc*, 

0. 5mmKTO->- H^tj^cS^W^lxSWSrWi 

x.sr t^-c-tSo e*tt*»w©tM!#»r 

[0 19 8] 2f:^WlC^S^7Kmft?a?— Bi 

ztittm%®>mm*<atrtEmk . &mmn.ft, Ruta 

l5A«*«#:ro>mtL<tt^EKffl£f£*W y^">A 
>f *>Sr»K • ^m-rstt^-Sr^tf^affi^KSSr^tf 

; mnETOW^tHftSnSff^^O. 3mm« 
50 IEjEa®!feK^roJ5$l4l 0~1 OO^mT-foSo 
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k, mn&*»mt* t-^»7^ h^****!^ 

[0199] &mcDl¥*nffi 

-rst, jE«e*«JHB**sfiTL, m^Atmbti 

14, ^ffiS^fCSKJfc^X^-f Sr *aM?tah.TH 

So 

[0 2 0 0] tr^it?, y --7*f-u=7t> h^Sr^tf^* 
ffilRj#*>5. n©**«««*:lWSBU*:2SI»*©«:V^jE 

[0 2 0 1 ] *:is^woj: 5 ic, ^mm<oi&^iEmmm 

Wm<DW-£ & 1 0~ 1 O O n mlC-rsz tC±oT, jE. 

cos*, y-^^o^^ h^^ty^mm^jEMm 

tfSXtSfcft, h -CfcSflEtlfc 

3 4 9 . Kil*f*TX*M*«:frofc 

[0 2 0 2] iMKHfc«ifti;HP!J5fc«3rff 5 
£3 0~8 01CIC L, ^o^fu- h£0. 0 5~0. 
5 Clw-fSr. tlCict, fkmty-yf-ay? b^t 

[0 2 0 3] ^IgBJKH&S -&m?&lC*5^T, ft^Sfe 
ff^cojfl^Sr i 0~1 0 0 ^ml:f5;il:J;oT, # 

«s*KJBom«fssai±*iPi±-*-s r t #x*t sfc 

[0 2 0 4] *»W::«Raz:8:*Jfcl£*i^T % 
iKcoy^^^mcoSg^rO. 5mol/]£l±lcf5r 
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[0 2 0 5] ^WI^S^mJfelCfcVT, ^ffiiL 
4tts: i: let or, Afficogsic«g|K^ffM-t-S 
/w£<fe£4 "PfSjJi-rsr t^X-#5o w©^**ttE«c. 

X, A««B«r««II|-C»«lcai5r4:*s-C#5*ne>, 
[0 2 0 6] ^Elc^sr&ffiteKifc^-t, mil2-fe^* 

u- * &&&&&&& 6 o o ©>/ 1 o o c m 3 wtx*> 

20 S#?LR->- h^r^tfr tlUot, tfr&Lfcy-:/^ 
*9-l:4»4t8: £#X-£S 0 ^WIB*, 

So 

[0 2 0 7] ^B^IC#^>-^m?tillCfe^T, huIEjE^ 
IC lW1EA*atJ«miE-fc^u— ^Srwix6)«5«fli«>^Jte 

^^^Sr.4»3|6]±i-Sw t^X#So P]B#li, iSifiBt 
co^f^|g^$r 4 9 -SfeMi-S - t *5X# S. 
[0 2 0 8] *«P^ld#S-2fc««lli*3^X, HtFlEjE® 
St/SflK-fe^^ * r tL bcoi*ia5^U?lt#lc,#,ffi-rs 

AffiSVMfE-fe^^-^iwix^OrtlfB&t/aflftlJ:^ 

-rsriAST-t, ^©ffiSr^m-^'f ^^iitTLXt 
H»t5;ii5l?#5t». iM;7;Hei&§r4>3|6l-t-f 
Srt^r-tSo Ir1B#IC, i^rmcO^^.^^?r4 9-g 

[0 2 0 9] *H0JI^S-*m?tillc*5^X, IWHEjE 

m^-£tiz>i&%mzmmtzi£z>~ 1 1-4 •? 

50 ^iitTLXt^-TSr. i/J5T*^Sfc*, -^W^^** 



(20) 

37 

[0 2 1 0 J Sfc, **Wlc«5*7K««azi*«tft 
S^flulS^®«mffO^-ffi L < ttP5tBl£fi«r£ 

W : (WB3E«S*KJlOffil«*tt, SufE^ 

f$iilO-100Mmtfc5o Sfefcl, TOE#zKS« 

[0211] -<D£ote~ikmmz£ti\^ ifx&±m 

ST***"* w <h Zo 

[0212] 

[0213] (H3i£#J 1 ) 
<:Effitf>ff (Li, 30 
CoO z ; fB U Xl*0SX^ 1 T*fc5) ^*9 11t 
%SrT-fe^^^^7 3/^ 3. 511%, ^77r^h 

2lf%(!:h^xy^MT*i:^l, 10cm 2 S 
fcO 1 OfflOfiJ^-eiE^O. 5mm^?L*sffftt5#?L 
(f Stfl Sum) 

OjEtt«:ft*ILfc. 
[0214] < Att0flFK>«XK*m£: LT 3 0 0 0 40 

^8 Mm. 2 Ojim* ¥ttiEliaHI 

(doo 2 ) *s 0 . 3 3 6 0 n m) 9 3 

LT#y 7yft^y7^ (PVdF) 7 
fi*%iS:«*U rlxSrl 0 cm 2 1 OfficofiJ 

1 5 Mm) ^b/^*l«:Mt, l£i»U ^U^i" 
5Iti:J:9«ffij5fi^l.. 3 g / c m 3 T\ AffiJi^ 

[0215] <t^l/-^>IJ^25/im, 1 2 0 50 
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*C, 1 tifffiV<Df&$Lt&& 2 0 %X\ &K3t& 5 0 %<D# 

[0216] <i¥7knmm<om9i>w'7y<t*&tst}) t f' 

£ A (LiBF, ) £r^U>>!7— h (EC) t 

7-yfD7ny (bl) (jg^ffiit^ 

2 5 : 7 5) Iwl. 5-=e/u/lg<l?LX^7Ktt<»JKS:BI 
[0217] <««»(7>f^«>WIE]E«0*«»^1lftt 

[0 2 18] Tyu^^-^Afi^fWffiSrTKy T'o 

K^-e*>5*y y^it^^v (PVdF) 

SlTCfcSi^fvi^^u-fcTS K 5 3t) 

CO. 3lt%gfi^to »fenfc*S«rtfJK9 
- h ^ /UJ*ft<7>mffi?¥l£m«l^fl[ l 0 OmAhSfc!) 
Ofi^O. 2m! t45i5l:SAU «IE8«S:WE 

[0219] #^T\ Suffix 5*— h^>f 

O*ffi^*7L«***»*r»j«Ufc 0 PVdF^t 
It t»Sil0OmAhSfc*)0. 6mgTfcof: 0 

[0 2 2 0] mllS^ ^ * — h 7 >r A^ftOttffiSMwiKjE 
**«H*«rt»8t 1 Ah Sfc 9 4 . 7gt4 

«£5lc£AU iui£Lfcl*jl , 2C^tlMtL, 
/?$^3inm, yUOmm, iS £ # 7 0 mmOlS^ 

[0221] r<D^7kflM?ffl— «fcm*i-*i-u. w^sx 

Si LTKTOftfltSrJfiLfco *1\ 4 0 
TC5hMltf, ^OHltT-eO. 2 C (12 0m 
A) T*4. 2V*"e*«« • 3£«E**S: 1 OftMtTo 
/c 0 ^<59&0. 2CT2. 7VSt»tU ^^lw2i^ 

[0 2 2 2] #5>ixfe^7k»a— ftWJte^^axt/ 1 k 

iRrttSrgS^S/c^ic^U (20t) W2Cgtf^ 

£fc£>IC0. 5CU-hW4. 2V3tta-3ttI^) 
3^ra^«i: 1 C U— h(0 2. 7 VSc«0*-Y^^Sr» 
9 3SL3 0 0*>T^/U«C5**lll»sp^«3£L^:. 4 
/c, 4. 2 V5fc®&8 Sttl 2 0^prflOii5?MSBTMm 
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[0 2 2 3] (XffiOT 2 -ms>j 7 ) m«%o«ttoia 

s i k*-*-. 

[0 2 2 4 ] (HJE#J 8 ) *m«8tt*»W4 

5W#-¥-fr*JD*i% 3. 2mm, S40m 

m, **7 0mmtbfcB^«4SO»«l«>)»a!#*«* 

[0 2 2 5] (§HJ£#J 9 ^HHM 1 l ) J6*£#J liM 

&9#ttS::£i c*W\ 

[0 2 2 6] (Ht£0« 12. 13) tt««<75»aC^>»« 
1 l-^i-o 

[0 2 2 7] (Jfc«0ij 1 ) i IT 1 0 0%B 

LCI. 5^/10LiBF4 Sr»«ftfet(OS:ffi^ 

[0 2 2 8] 0tttM2) *7KtttW9[i:BLiECiM 

ec t (DWL&mm mmttm 50:25:25) 1:1. 

[0 2 2 9] U*«M3) #*t«Wl:BLiEC M* 
HJfc* 5 0 : 5 0) 5 1 L i B F <. £}g 

[0 2 3 0] (Jfc8MM4) ^TktSlffiCBLiMEC 
(frSlt^ 2 5 : 7 5 ) Id 1 *ZAs/ KOLiPFeSrS 



(21) #512 0 0 0- 2 3 5 8 6 8 

40 

[0 2 3 1 ] (H:««5) **«»««CBLi:EC (» 
«Jtap 2 5 : 7 5 ) IC 1 . 5 ^-A-/ 1 i BF 4 

»-»«»Sr»T«}ft»tffttTofc. Jtttfl!) 5 O*jfe0> 
StfE«*«=, S^m?&#tt^^2lc^-r o 
[0 2 3 2] (Jt««6) *7kl«IW:BLi:EC (# 
Hit* 5 0 : 5 0 ) Id 0 . 8 KOLiPFe 
lilUcto^P, «03EW*<O«Ltf«r 2 5°C<t LtM 
io ^JS^iJ i <b ra«*»S*7k«««i:2k«»S:»-C«ftB 

ft, Xtf«ttW4«:*2C*i-. 

[0 2 3 3 ] (Jt««7) **t»»i:BLtEC (# 
Hit* 5 0 : 5 0 ) iZ 1 . 5 l^LiBF 4 

Ws Xt5«*«H4Sr*2Jc:^i-. 
[0 2 3 4 ] (Jt«ffil8) **t«»i:BLiEC (ft 
20 flUt*9 9 : 1) CI. 5 Wl i BF 4«:S« 

Srfrotc lt«« 8 «33E«*«=. 
aw*»«H4fc* 2 
[0 2 3 5] (Jt«0U 9 ) ^SMffi^B LiEC^D 
E C (ffcfUJt* 5 0:2 5:2 5) CI. 5 1 <& 

L i B F 4 ^^L7ttcoSrffl^5^llj6S0i)l <!: Ntt 

30 5r^2(C^-r o 

[0 2 3 6] Otttffill 0) *7Kl»«CBLtECt 
ME C (fleflHt* 50:25:25) (CI. 5 *yU/ 1 
OLiBF. fc**LfcfcO«rfflV^6a*^«i«l irB 

tt&m i o wiioifiiffiM, «j*«*«=. &t/«jfe 

[0 2 3 7] (Jtttfcl 1 1 ) ItB L <b P 

C 4 E C (Wmttm 50 : 25 : 25) (CI. 5 
1 i B F 4 &jgWLfct><OS:fflV^£Jl^llJSftl 1 4 

[0 2 3 8] 
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0. 3mmaTO#HIWi, 5 0 <£ 9 ^ < , 9 5 

sr«x.fc**fl« i-i3 (D-frmmiL mm%rmmz.ft 

1M3 0 0 t-f ^ itttft* SrlRllT 1 5 r i 

[0 2 4 1] :fti:#u Jt««l — 3, nozfti 
2 C T-C0gtm^fiSl/ 3 0 0 ^ yU«OSftJ6«FSpd5 



HiSeyi-i 3lcit-<T^ct^r ft*3, it 

P^^Pl 1 - 9 7 0 6 2#^«(wBg^$nfc^zKffi^«- 
*n-5^7Kmfi?ffil4. mia!L/c^(^¥4 - 1 4 7 6 9-^- 
[0 2 4 2] (^M'I14) ^fttltf^^o, 3 
(ifl$^3mm, P4 0mm, JgJ ^7 0mm) 
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[0 24 3] 5) LT. 2 4ff 

h (EC) . 7 5*t%«7 
— ^fD7^ h> (BL) fi.t/i^a%c r ?tr=U'>* — 
t!?*— h (vc) a»fcfc5#7k&&lc:eg:7s/<fc;*!7i£!) 
(L i B F« ) £ 1 . 5*VlS(BLfct©Sr 

^mmm-^mm^si^ Lit. 

[0 2 4 4] mmmi 6) ^7K«fi?fSt LT> 23ft 

h (EC) , 7 5»9%«y 
-yfD7ny (BL) SU ! 2fta%ro^l'VA- 

(vc) s**«jKicgg7 ^k*^K!) 

(LiBF, ) 5-1. 5^u/ 1 g«Lfc{>©?r 
fflV^Swtet#H4, ttra*Lfc^ig0iJl i:|l]^(CLT»M 

Life. 

[0 2 4 5] (jntm 7) u-c, 24. 

5ftSI%W3i^U>-*-#^— h (EC) . 7 5&m% 
<Dy — ^fD7^ b> (BL) S.I50. 5j$a%«^* 
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* h (vo a» & * a 1 w na 7 * <t 

(LiBF,) Jrl. 5^u/ljgft?L 

[0 2 4 6] (HJStfJl 8) #7k®fl??£<!: Lt> 2 5ff 
arofO^^^^*-*'-*- h (EC) . 7 4&m%V>y 
— -/J-u^fhls (BL) RXfl &m%<V h/Hi^f, 

Sri. S^e/u/ 1 ^Lfctro^rfflv^r hu 

10 2 4 7] nbtitzmmm 1 5 ~ 1 8 ron&mitei-o 

fi, W^^-^, 2 CScms#OSfiift^, 3 
0 ot^^/wtroffjtSW^s stT-fTKmro^it 
SrS'J^L, ^<D^^TI2^3(C*-f c 
[0 2 4 8] 
[*3] 
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300 -9- -f 


8 5°C 










Of- 














(vol%) 


(Ah) 




















(mQ) 


(m O • Ah) 


(%) 


(%) 


(%) 




vc 


1 


0. 6 2 


7 5 


4 6.5 


9 O 


9 4 


4 




vc 


2 


0. 62 


7 5 


4 6.5 


9 0 


9 5 


4. 5 




vc 


O. 5 


O. 6 1 


7 8 


4 7. 5 8 


8 8 


9 2 


3 






1 


0. 6 2 


7 5 


4 6. 5 


8 5 


8 8 


3 



[0 2 4 9] S3^5>Wbd^J:5^ 50£MB%cfc'9 

i5~i7 <D-&mm<^ 50* 
m%£y&<, 9 5»a%j^ToBL, Ecsi/Mi 
{b^^tp^TKm^^^/cn^ji s^ziftm?& 

I*. ^tS^Jl O-^m&l-it^T, 3 0 01^ ^;M£<d 

[0250] mmmi 9) t^u-^^tt, j?^^ 

25/imt\ 12 0U 18#rp^TO^i!X^i^2 0%T% 
£$ugi©^ 90sec/100cm 3 T% frog>lL& 

[0 2 5 1 ] (HJ£#]2 0) ir^u-^^JLjC^A- 
A<7)£^giJ§^£ 5 8 0 sec/100cm 3 (-1" 5 ^ 



30 »«-»:*teSr«itUfc 0 

[0 2 5 2] (SMJ2 1) ir/N°u-^0#7L«V- h 
cO^^^ig^^* 4 0 0sec/100cm 3 <t 
AU^Mi, l!ui$Lfc3lJ£#Jl 9 i m«K LT«3i#*mW 

[ 0 2 5 3] (3IJS0U2 2) ir^°u~^60^?LK->- h 
<Z>£*USifl^Sr 150sec/100cm 3 Idi"* w t 

[0254] mhtitzmmm 19-22 ^-^m^ico 

40 t^T, mj^U/cllJE^lT^P^Lfc^i:P]«ldbT^ 

[0 2 5 5] 
[$4] 
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(sec/IOOcm 3 ) 


(Ah) 


(mQ) 


(mQ • Ah) 


(%) 


(%) 


(%) 




9 O 


0. 6 1 


7 O 


4 2 


9 O 


9 5 


3 


mmv\ 20 


S80 


O. 5 5 


1 20 


6 O 


5 O 


7 O 


3 




4 O 0 


O. 56 


1 o o 


5 5 


6 O 


7 5 


3 


mmm 22 


1 5 O 


0.5 8 


9 O 


5 2. 2 


8 6 


8 3 


3 



10 2 5 6] (mmm 2 3 ) SJS^SriS 
WitLTttWtfffllLfc. »6>ixfc*ffiWSr*H6» 

utcmmmomzxfaiziQix iok g/cm 2 ^E* 

10 2 5 7] 2 4. 5^a%^3i^UV^-^^- h 

(ec) , ysftr/o^v-^^ny (bd & 
t/o. 5i£m%<nt'~ tK^ — h (VC) 2>><b& 
^^TK^^K^^^^^^y (L i BF « ) £r 

1 Ah^fc9£>;fi#4. 7g^f i^^i^^A 

[0258] (3ii£#j2 4) mm&zm-rzmft^zws 



. XXhZmZ&O. 2 0 mmCOT^-'j? Afel^iML 
fc 0 &l^T% 8 or^i^^K^H^^ioV^TmilB^ 
«i:«^)fJMi:fp v oti Ok g/cm 2 ^/E^ 

[0 2 5 9] 2 3tt«%<&3^UV#—#.*— h (E 
C) % 7 5^fl%^v-^a7^ hy (BL) ^2 
20 (VC) 

m^wyyitTfrvmy^tJ* (L i BF 4 ) 5^ 

fc^ogriM. 7gil^«ti5J:5i:ttAU 

3. 2mm, P4 0ram, jft £ # 7 0 mm0>»3!#* 

[0260] ^htitimmm2 3-2 4^1^111:0 

4, 2 C»«*<D*MB**, 3 

[0 2 6 1 ] 
[^5] 





S3 

(Ah) 


— 

(mQ) 


(mQ - Ah) 


2Cj&m 
(%) 


300 ^-r$;u& 
(%) 


8 5°Cff?&& 
(%) 




O. 6 1 


7 8 


4 7. 5 8 


8 8 


9 2 


0. 5 


nmi 24 


0.6 2 


7 5 


4 6.5 


9 O 


9 5 


O. 7 



[0 2 6 2] «5a»&We>a»ftJ:5K, »2 3~2. 

[0263] mm®\2 5) nmtk it, r^^s^ 

-H7-</^ifflt\ ttffe^-ft*«$365 4mm, 1 
0 0mm. ig££S2 8 0mml:f5I BuiEL 

/c 0 
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[0 2 6 4 ] #6nfcHi(fi«2 5CO-^m"/t!l(CoC>T, 

»*B*0>S«i8FSp, 3 0 0t>f^^8«l»W 
tf8 5 , C-eW s jK«©JBixS:«Sbfc. ^o^, HJgtfJ 
2 5(7)-&m?ai4> S*#6AhT\ 2 CM^Siii 

%T\ 8 5 c CBriKS^«iX36S3%-efcofc 0 ftoT, 5 
0ttS%£9£<* 9 5ftm%WTOBL£^tf#7ki§ 
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[0 2 6 5] (Xftffl 2 6 ) 

<jE«<0tf*l>*1\ VWJ* = '<si>hmm (L ix 
Co0 2 ;ffl.U XI^O^X^ lT-fcS) t9^9 11i 
%SrT-fe^u>'^7y^ 2. 5ii%, ^77r^h3 

**%au«#y 7y\t\f~y (pvdF) 4ii% 

tN-^f^eP!) K> (NMP) S»€rinx.r*(c» 
*s 3 . 3g/cm 3 T% 3i« s 3 

[0266] < fkm<Dftm>m.mm*wt it 3 0 0 0 

y7x-Xt°7f^|»t (WIS 

( d 00a ) £ s 0 . 3 3 6 0 n m) 9 3 

fc; JS3f#Jt LT^y 7^^1)7^ (PVdF) 7 

RjftU 7 p i/^t5ri:i:J:!3, Mfro^ICfg^ 
1. 3 g/cm 3 T% gB$^4 1%T\ f 5 M 

[0 2 6 7] <tA°l/-^>fS^2 0/ira > #?LKa s 

[0 2 6 8] <««»0^»i>lKHEjEaXtfmiE*«Sr 

«¥*l£J*»U »SiS2. 5mm, R^30m 
m, m£&S 0mm<Ofl|3pa!«a»S:f^«Ufc. 
[0 2 6 9] <*7K«W««>ll«>E^yft*l>»y9- 
!>A (LiBF, ) Sr^^u^^— tK^— h (EC) i 

V _^U7* hy (bl) (m&itmitm 

2 5:7 5) 5*yU/l*#LT#*«»«*H' 
[0 2 7 0] T^^?S^r^®^^y fc'u:/ 

riHBU rftl£M«E««»*JMAU J»$#2. 7mm 

^tfcs^y?^^^^ (pvdF) 

«-Cfc5^^7*/i/A7 5 K (ifc/Stfl 5 3t) 
0. 3li%*»S*fc. »bnfc«»Sr«fie9 5*- 
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[0 2 7 1 ] ft^-C, huIS^ 5*- h:7^W*rt(D«ffi 
WK: 8 OtT'S^Ei^ 1 2 B*Wtt"t-w fc X 5 ftulE* 

10 [0 2 7 2] WE 5 5-*- h7-r^rtW««»«cW12 
**«l¥«4:«»**l AhSfc9©ltf2 gti5± 
9 CSAL, S*dS3mm, *6a*3 2mm. K£*S5 5 

[0273] ^ (n&Tkm.nm-fcmm^tt u ^ti 

St LT£JLT^*0rB«rJSLfc o *1\ 4 0 , C<DKJftat# 
h»«L*:«L t^S^TfO. 2C (12 0m 
A) TM . 2 V*-CS«SE • ^«ffi?E«Srl 0l*raffo 
fco ^OS0. 2CT2. 7V*-CJS«L, £blC21h 

[0 2 7 4] #&nfe**«tttr:»C«»0*?fl. ( 2 o 
t) T^**SIEtt*1*ttSrBI^<Sfc»<c3C»«l*<0* 
**E«P*S:ay3EUfeo wC0^ % 0. 2C-e<75*«S**r 

J6t;i0. 7 C I — hX~<D4. 2VStil'tIE^3^ 

tic is — b<o2 . 7 vtkmw't & 

U 3 0 0*>f ^yu«©*«t»**rilH3ebfc. Sfc, 
4. 2 5fei 2 O^rflWfiSffM^I 

nSr«3£bfc. ^^J2 6 0lft(Z)Mgt, S 
30 4£jfCJfJ¥£, t»glOv-^fp^ 

[ 0 2 7 5] (IM'12 7-3 7, A, BXtfJtRGill 
2-13) E«?S1fc»«i:*«JS*KS^>t[B^*** 

6{c^-r^D<^^/cW^(i^iS0iJ2 6 t|i]il:lT»I 

[0 2 7 6] 
40 [316] 
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(Ah) 


{ p m) 


(^ifn) 


«*»%) 


(%) 


3oo+f-r?;t 
(%) 


(96) 


mm 26 


0. 32 


48 


45 


75 


96 


90 


3 


27 


0. 35 


60 


56 


75 


92 


80 


3 


Hffift 28 


0. 30 


39 


36 


75 


98 


93 


3 


Steffi 29 


0.25 


24 


23 


75 


99 


94 


3 


20 


0. 12 


10 


9.5 


75 


98 


88 


2 




0. 30 


48 


45 


60 


90 


80 


4 


32 


0. 31 


48 


45 


70 


95 


82 


3 




0. 33 


48 


45 


90 


97 


92 


2 


3ltfc<W34 


0.31 


48 


45 


95 


98 


80 


1 


3?tfc#J35 


0. 28 


48 


45 


40 


80 


80 


6 


wm\ 36 


0. 36 


60 


65 


75 


90 


82 


3 


3l&fH 37 


0. 38 


80 


80 


75 


80 


75 


3 




0. 35 


87 


90 


75 


50 


50 


3 




0. 05 


8 


8 


75 


80 


85 


2 


ltt&0112 


0. 30 


105 


108 


30 


20 


30 


6 


Jtt£0113 


0. 10 


8 


8 


30 


40 


60 


6 



[0277] «6^bes&d^j:5»-. jEmm^nm<D 

JfS^lO^lOO/i mT&SiEffit, J¥£#*0. 3 m 
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internal impedance becomes large. Since the binder contained in a positive electrode and a negative electrode by 
fabricating above 40 degrees C in the aforementioned electrode group can be made to heat-harden, the degree of 
hardness of an electrode group can be raised. Consequently, since the springback after fabrication can be suppressed, 
the touch area is maintainable [ the touch area of a positive electrode and separator and the touch area of a negative 
electrode and separator can be improved, and ], even if it repeats a charge-and-discharge cycle. On the other hand, 
when the temperature of the aforementioned electrode group exceeds 120 degrees C, there is a possibility that separator 
may carry out a thermal contraction sharply. More desirable temperature is 60-100 degrees C. 

[0113] Fabrication while heating to the specific temperature mentioned above can be performed for example, under an 
ordinary pressure, reduced pressure, or a vacuum. If it carries out under reduced pressure or a vacuum, since the 
moisture removal efficiency from an electrode group will improve, it is desirable. 

[0114] When press forming performs the aforementioned fabrication, as for press **, it is desirable to makekg [0.01- 
20 / /] into the range of 2 cm. This is based on the following reasons. When press ** is made lower [kg / 0.01 / // cm ] 
than 2, there is a possibility that it may become difficult to suppress the springback after fabrication. On the other hand, 
since there is a possibility that the voidage in an electrode group may fall when press ** is higher than 20 kg/cm2, there 
is a possibility that the amounts of nonaqueous electrolyte maintenance of an electrode group may run short. 
[0115] (The 4th process) After pouring nonaqueous electrolyte into the electrode group in the aforementioned 
sheathing material, the nonaqueous electrolyte rechargeable battery mentioned above by closing opening of the 
aforementioned sheathing material is assembled. 

[0116] In the manufacture method mentioned above, although fabricated heating an electrode group to specific 
temperature after containing the electrode group to the sheathing material, you may perform hot forming mentioned 
above before containing to a sheathing material. In this case, an electrode group is first produced according to the 1st 
process mentioned above. It fabricates heating the aforementioned electrode group at 40-120 degrees C. Subsequently, 
after containing the aforementioned electrode group to a sheathing material, nonaqueous electrolyte is poured in and 
the nonaqueous electrolyte rechargeable battery mentioned above by performing obturation etc. can be assembled. At 
this time, a metal can can be used instead of a film as a sheathing material. 

[01 17] (The 5th process) An initial charge is performed to the assembled rechargeable battery at the charge rate below 
0.5C more than 0.05C under 30 degrees C - 80 degrees C temperature conditions like the above. Charge on this 
condition is good only 1 cycle, and may be performed more than a two cycle. Moreover, you may keep it under a 30 
degrees C - 80 degrees C temperature condition before initial charge for 1 hour to about 20 hours. 
[01 18] Specifying the temperature of the aforementioned initial charge and the charge rate of an initial charge in the 
aforementioned range is based on the reason same with having mentioned above. 

[0119] Since nonaqueous electrolyte can be uniformly infiltrated into an electrode or the opening of separator by 
providing such a process, internal impedance which is 1kHz of a nonaqueous electrolyte rechargeable battery can be 
made small, and the product of cell capacity and 1kHz internal impedance can be made into the range below ohm 
[ 1 10m] and Ah more than 10m ohm- Ah. Consequently, since the utilization factor of an active material can be 
increased, capacity of a substantial cell can be enlarged. Moreover, the charge-and-discharge cycle property and high 
current electric discharge property of a cell can be raised. 

[0120] In addition, in the 1st nonaqueous electrolyte rechargeable battery concerning this invention, you may be the 
structure which wound the electrode group which consists of a positive electrode, a negative electrode, and separator 
using the can which consists of aluminum etc. as a sheathing material, and was inserted in the can. In this case, as for 
the macromolecule which has jointing or an adhesive property, it is good for there to be nothing. 
[0121] Subsequently, the 2nd nonaqueous electrolyte rechargeable battery concerning this invention is explained. 
[0122] The positive electrode containing the positive-active-material layer with which this rechargeable battery is 
supported by one side or both sides of a positive-electrode charge collector and the aforementioned positive-electrode 
charge collector, The negative electrode containing the negative-electrode active material layer which is supported by 
one side or both sides of a negative-electrode charge collector and the aforementioned negative-electrode charge 
collector, and contains occlusion and the material to emit for a lithium ion, Nonaqueous electrolyte containing the 
lithium salt which it sinks into the electrode group; aforementioned electrode group equipped with the separator 
arranged between the aforementioned positive electrode and the aforementioned negative electrode, and is dissolved in 
a non-aqueous solvent and the aforementioned non-aqueous solvent; sheathing-material; by which the aforementioned 
electrode group is contained is provided. 

[0123] It compares with the voidage of the aforementioned negative-electrode active material layer, and the voidage of 
the aforementioned positive-active-material layer is a low. Moreover, the aforementioned positive-active-material layer 
thickness is 10-100 micrometers. Furthermore, the aforementioned non-aqueous solvent contains gamma-butyrolactone 
below 95 volume % more than 40 volume % of the whole non-aqueous solvent. 

[0124] Although the aforementioned positive electrode, the aforementioned negative electrode, and the aforementioned 



separator do not need to be unified, as for this rechargeable battery, it is desirable to be unified on conditions which are 
explained to the following (a) or (b). 

[0125] (a) While the aforementioned positive electrode and the aforementioned separator are unified by the 
macromolecule which has the adhesive property in which these boundaries exist in part at least, the aforementioned 
negative electrode and the aforementioned separator are unified by the macromolecule which has the adhesive property 
in which these boundaries exist in part at least. While being unified by the macromolecule which has the adhesive 
property by which these interior and boundaries are especially dotted with the aforementioned positive electrode and 
the aforementioned separator, it is desirable to be unified by the macromolecule which has the adhesive property by 
which these interior and boundaries are dotted with the aforementioned negative electrode and the aforementioned 
separator. 

[0126] (b) The aforementioned positive electrode, the aforementioned negative electrode, and the aforementioned 
separator are unified by making the binder contained in the aforementioned positive electrode and the aforementioned 
negative electrode heat-harden. 

[0127] By making it this composition of (a) or (b), bulging of a sheathing material can be reduced further. 
[0128] Moreover, as for the aforementioned rechargeable battery, it is desirable for the product of cell capacity (Ah) 
and 1kHz cell internal impedance (mohms) to be below 1 10m ohm- Ah more than 10m ohm- Ah. By making the product 
of capacity and an impedance into aforementioned within the limits, a high current electric discharge property and a 
charge-and-discharge cycle property can be improved more. Here, cell capacity is the service capacity at the time of 
discharging by nominal capacity or 0.2C. More desirable ranges are below ohm [ 60m] and Ah more than ohm [ 20m] 
and Ah. 

[0129] making the product of cell capacity and an impedance below into 1 10m ohm- Ah more than 10m ohm- Ah — for 
example, it is possible by the manufacture method of of the manufacture method of (I) mentioned above, or (II) 
mentioned above However, in (I), more than ohm [ 10m] and Ah, the product of cell capacity and an impedance sets up 
a distribution and initial-charge conditions of the addition of an adhesive macromolecule, and an adhesive 
macromolecule so that it may become below 1 10m ohm- Ah. Moreover, in (II), more than 10m ohm- Ah, the product of 
cell capacity and an impedance sets up the temperature, press **, and the initial-charge conditions at the time of 
fabricating an electrode group so that it may become below 1 10m ohm- Ah. 

[0130] A nonaqueous electrolyte rechargeable battery equipped with the electrode group which satisfies hereafter (a) 
mentioned above is explained. 

[0131] l)****- this positive electrode has the structure where the positive- active-material layer containing the 
macromolecule and binder which have an active material, an electric conduction agent, and an adhesive property was 
supported by one side or both sides of a charge collector 

[0132] The 1st nonaqueous electrolyte rechargeable battery mentioned above having explained as the macromolecule 
which has the aforementioned active material, an electric conduction agent, and an adhesive property, and a binder, and 
the same thing can be mentioned. 

[0133] The aforementioned positive-active-material layer thickness is made into the range of 10-100 micrometers. 
Here, positive-active-material layer thickness means the distance on the front face of a positive active material which 
touches separator, the positive-active-material front face which counters, and a charge collector. For example, as shown 
in drawing 4 , when the positive-active-material layer P is supported by both sides of a charge collector S, the distance 
on the front face P2 of a positive active material which touches separator, the positive-active-material front face PI 
which counters, and a charge collector is positive-active-material layer thickness T. Therefore, when the positive- 
active-material layer is supported by both sides of a positive-electrode charge collector, the thickness of one side of a 
positive-active-material layer serves as a range whose sum total thickness of a positive-active-material layer is 20-200 
micrometers by 10-100 micrometers. If positive-active-material layer thickness is set to less than 10 micrometers, since 
the rate of a current collection weight quantitative ratio and the rate of a volume ratio will become high, an energy 
density falls. The lower limit with desirable thickness is 30 micrometers, and a still more desirable lower limit is 50 
micrometers. On the other hand, if positive-active-material layer thickness exceeds 100 micrometers, since nonaqueous 
electrolyte will concentrate on a positive-electrode front face at the time of a rapid charge-and-discharge cycle and the 
electrode reaction in the interior of a positive electrode will hardly advance, a cycle life falls. The upper limit with 
desirable thickness is 85 micrometers, and a still more desirable upper limit is 60 micrometers. As for especially 
positive-active-material layer thickness, it is desirable to make it the range of 10-60 micrometers. A high current 
electric discharge property and a cycle life improve sharply that it is this within the limits. Furthermore, the desirable 
range is 30-50 micrometers. 

[0134] The aforementioned positive-active-material layer thickness is measured by the method explained below. First, 
mutually, it separates 1cm or more, and ten points are chosen arbitrarily, the thickness of each point is measured, and 
the thickness of a positive electrode is measured by [ existing ] computing the average. However, when the positive 



electrode which it is going to measure has the structure where the positive-active-material layer was supported by both 
sides of a charge collector, after removing one of the two's positive-active-material layer, the thickness of a positive 
electrode is measured. Subsequently, a positive-active-material layer is removed from a charge collector, and the 
thickness of a charge collector is measured. Ten points are chosen arbitrarily, the thickness of each point is measured, 
and the thickness of a charge collector is called for by [ which separate 1cm or more and exists mutually ] computing 
the average. Let the difference of the thickness of the aforementioned positive electrode, and the thickness of the 
aforementioned charge collector be the positive-active-material layer thickness for which it asks. 
[0135] It compares with the voidage of the aforementioned negative-electrode active material layer, and the voidage of 
the aforementioned positive-active-material layer is a low. As for the voidage of the aforementioned positive-active- 
material layer, it is desirable to make it 25 - 40% of range. This is based on the following reasons. When voidage is 
made less than 25%, even if it has regulated positive-active-material layer thickness, there is a possibility that it may 
become difficult to make nonaqueous electrolyte permeate uniformly. On the other hand, when voidage exceeds 40%, 
there is a possibility that it may become impossible to obtain high capacity, i.e., high-energy density. The more 
desirable range of voidage is 30 - 35%. 

[0136] As the aforementioned charge collector, the conductive substrate of porous structure or a nonporous conductive 
substrate can be used. These conductivity substrate can be formed from aluminum, stainless steel, or nickel. As for the 
thickness of a charge collector, it is desirable to make it the range of 5-20 micrometers. It is because positive-electrode 
intensity and lightweight-izing can be balanced as it is this within the limits. 

[0137] 2) **** - this negative electrode has the structure where the negative-electrode active material layer containing 
the macromolecule and binder which have occlusion, the carbonaceous object to emit, and an adhesive property for a 
lithium ion was supported by one side or both sides of a charge collector 

[0138] The 1st nonaqueous electrolyte rechargeable battery mentioned above as occlusion, the carbonaceous object to 
emit, an electric conduction agent, the macromolecule which has an adhesive property, a binder, and a charge collector 
having explained the aforementioned lithium ion, and the same thing can be mentioned. 

[0139] As for the thickness of the aforementioned negative-electrode active material layer, it is desirable to make it the 
range of 10-100 micrometers. Here, the thickness of a negative-electrode active material layer means distance with the 
negative-electrode active material front face which touches separator, the negative-electrode active material front face 
which counters, and a charge collector. In addition, when the negative-electrode active material layer is supported by 
both sides of a negative-electrode charge collector, it is desirable to set thickness of one side of a negative-electrode 
active material layer to 10-100 micrometers, and to make sum total thickness of a negative-electrode active material 
layer into the range of 20-200 micrometers. If thickness of a negative-electrode active material layer is set to less than 
10 micrometers, since the rate of a current collection weight quantitative ratio and the rate of a volume ratio will 
become high, there is a possibility that it may become difficult to fully raise an energy density. The lower limit with 
desirable thickness is 30 micrometers, and a still more desirable lower limit is 50 micrometers. On the other hand, if the 
thickness of a negative-electrode active material layer exceeds 100 micrometers, since it will become easy to 
concentrate nonaqueous electrolyte on a negative-electrode front face, there is a possibility that it may become difficult 
to fully improve a cycle life. The upper limit with desirable thickness is 85 micrometers, and a still more desirable 
upper limit is 60 micrometers. As for especially the thickness of a negative-electrode active material layer, it is 
desirable to make it the range of 10-60 micrometers. A high current electric discharge property and a cycle life improve 
sharply that it is this within the limits. Furthermore, the desirable range is 30-50 micrometers. 
[0140] The thickness of the aforementioned negative-electrode active material layer is measured by the method 
explained below. First, mutually, it separates 1cm or more, and ten points are chosen arbitrarily, the thickness of each 
point is measured, and the thickness of a negative electrode is measured by [ existing ] computing the average. 
However, when the negative electrode which it is going to measure has the structure where the negative-electrode 
active material layer was supported by both sides of a charge collector, after removing one of the two's negative- 
electrode active material layer, the thickness of a negative electrode is measured. Subsequently, a negative-electrode 
active material layer is removed from a charge collector, and the thickness of a charge collector is measured. Ten points 
are chosen arbitrarily, the thickness of each point is measured, and the thickness of a charge collector is called for by 
[ which separate 1cm or more and exists mutually ] computing the average. Let the difference of the thickness of the 
aforementioned negative electrode, and the thickness of the aforementioned charge collector be the thickness of the 
negative-electrode active material layer for which it asks. 

[0141] As for the voidage of the aforementioned negative-electrode active material layer, it is desirable to make it 35 - 
50% of range. This is based on the following reasons. Since there is a possibility that the distribution of nonaqueous 
electrolyte may become uneven when voidage is made less than 35%, the lithium DIN drama id may deposit. On the 
other hand, when voidage exceeds 50%, there is a possibility that it may become impossible to obtain high capacity, 
i.e., high-energy density. The more desirable range of voidage is 35 - 45%. 



[0142] As for the blending ratio of coal of the aforementioned carbonaceous object and the aforementioned binder, it is 
desirable that they are 90 - 98 % of the weight of carbonaceous objects and the range of 2 - 20 % of the weight of 
binders. Especially the aforementioned carbonaceous object is 10 - 70 g/cm2 at one side, where a negative electrode is 
produced. It is desirable to make it the range. 

[0143] The density of the aforementioned negative-electrode active material layer is 1.20 - 1.50 g/cm3. It is desirable to 
make it the range. 

[0144] As the aforementioned charge collector, the conductive substrate of porous structure or a nonporous conductive 
substrate can be used. These conductivity substrate can be formed from copper, stainless steel, or nickel. As for the 
thickness of a charge collector, it is desirable to make it the range of 5-20 micrometers. It is because negative-electrode 
intensity and lightweight-izing can be balanced as it is this within the limits. 

[0145] although the aforementioned negative-electrode active material layer contains occlusion and the carbon matter 
to emit for the lithium ion mentioned above — instead of - metals, such as aluminum, magnesium, tin, and a silicon, a 
metallic oxide, and metallic sulfide - or the metallic compounds chosen from a metal nitride and a lithium alloy may 
be included 

[0146] The 1st nonaqueous electrolyte rechargeable battery mentioned above having explained as the aforementioned 
metallic oxide, the aforementioned metallic sulfide, the aforementioned metal nitride, and the aforementioned lithium 
alloy and the same thing can be mentioned. 

[0147] 3) The separator of separator ** is formed from a porosity sheet. 

[0148] The 1st nonaqueous electrolyte rechargeable battery mentioned above having explained as the aforementioned 
TpeFesity-sheet and the same thing can be mentioned. 

[0149] 4)Ahe nonaqueous electrolyte aforementioned nonaqueous electrolyte is what dissolved lithium salt in the 

Ion- aqueous solvent containing gamma-butyrolactone (BL), and the composition ratio of BL is below 95 
volume % more than 40 volume % of the mixed whole non-aqueous solvent. It is desirable to make [ most ] the 
composition ratio of BL in the aforementioned mixed non-aqueous solvent. Even if it has regulated positive-active- 
material layer thickness as a ratio is under 40 volume %, it becomes easy to generate gas at the time of an elevated 
temperature. Moreover, since the ratio of annular carbonate becomes high relatively when a mixed non-aqueous solvent 
is a thing containing BL and annular carbonate, solvent viscosity becomes remarkably high. Consequently, since the 
conductivity and permeability of nonaqueous electrolyte fall sharply, even if it regulates positive-active-material layer 
thickness, a charge-and-discharge cycle property, a high current electric discharge property, and the electric discharge 
property under low-temperature -20-degree-C neighboring environment fall. On the other hand, if a ratio exceeds 95 
volume %, since the reaction of a negative electrode and BL will arise, a charge-and-discharge cycle property falls. 
That is, if a negative electrode (for example, thing containing the carbonaceous object which carries out occlusion 
discharge of the lithium ion), and BL react and reduction decomposition of nonaqueous electrolyte arises, the coat 
which checks a charge-and-discharge reaction on the surface of a negative electrode will be formed. Consequently, 
since it becomes easy to produce current concentration in a negative electrode, a lithium metal deposits, or the 
impedance of a negative-electrode interface becomes high, the charge-and-discharge efficiency of a negative electrode 
falls to a negative-electrode front face, and the fall of a charge-and-discharge cycle property is caused. The more 
desirable range is below 90 volume % more than 60 volume %. While being able to make higher the effect which 
suppresses the generation of gas at the time of elevated-temperature storage by making it this range, the service 
capacity under low-temperature -20-degree-C neighboring environment can be improved more. Furthermore, the 
^desirable range is below 90 volume % more than 75 volume %. 

[0150] As^a solvent mixed with BL, it is desirable at the point that annular carbonate raises the charge-and-discharge 
iencyof a negative electrode. 

is the aforementioned annular carbonate, (propylene carbonate PC) (ethylene carbonate EC) (vinylene 
rbonate VC) truffe ROROPURO pyrene carbonate (TFPC) etc. is desirable. If EC is used as a solvent especially 
mixetfwith BL, a charge-and-discharge cycle property and a high current electric discharge property can be improved 
sharply. Moreover, it is desirable at the point which raises a charge-and-discharge cycle property as it is the mixed 
solvent of the 3rd solvent and EC which are chosen from the group which consists of PC, VC, TFPC, diethyl carbonate 
(DEC), methylethyl carbonate (MEC), and an aromatic compound as other solvents mixed with BL, and which consist 
of a kind at least. 

[0152] A hypoviscosity solvent may also be included below 20 volume % from a viewpoint in which solvent viscosity 
is furthermore reduced. As a hypoviscosity solvent, for example, chain-like carbonate, the chain-like ether, cyclic ether, 
etc. are mentioned. 

[0153] More desirable composition of the non-aqueous solvent concerning this invention is BL, EC, and PC and VC. 
[ BL, PC, BL and EC, DEC, BL and EC MEC, BL and EC, MEC, VC and BL, EC, VC and BL, PC and VC, or ] [ BL, 
EC, ] As for the rate of a volume ratio of EC, at this time, it is desirable to consider as five to 40 volume %. This is 



based on the following reasons. Since there is a possibility that it may become difficult to wear a negative-electrode 
front face precisely by the protective coat when the ratio of EC is made under into 5 volume %, the reaction of a 
negative electrode and BL may arise and it may become difficult to fully improve a charge-and-discharge cycle 
property. On the other hand, since there is a possibility that the viscosity of nonaqueous electrolyte may become high 
and ionic conductivity may fall when the ratio of EC exceeds 40 volume %, it may become difficult to fully improve a 
charge-and-discharge cycle property, a high current electric discharge property, and a low-temperature electric 
discharge property. The still more desirable range of the ratio of EC is ten to 35 volume %. Moreover, the solvent 
which consists of at least one kind chosen from DEC, MEC, PC, and VC forms a precise protective coat on the surface 
of a negative electrode, and makes the operation which reduces the interface impedance of a negative electrode. 
Especially the addition of this solvent is not limited and is set as an amount which this operation produces. However, 
when the ratio of at least one kind of solvent chosen from DEC, MEC, PC, and VC in a non-aqueous solvent exceeds 
10 volume %, there is a possibility that fully suppressing may become difficult about nonaqueous electrolyte carrying 
out oxidative degradation under hot environments, or the viscosity of nonaqueous electrolyte may become high, and 
ion conductivity may fall. For this reason, as for the rate of a volume ratio of at least one kind of solvent chosen from 
DEC, MEC, PC, and VC in a non-aqueous solvent, it is desirable to carry out to below 10 volume %. Furthermore, th 
desirable rate of a volume ratio is below 2 volume %. Moreover, the lower limit with desirable still more desirable 
making the lower limit of the rate of a volume ratio into 0.001 volume % is 0.05 volume %. 

[0154] The non-aqueous solvent which contains BL, EC, and VC of 40 - 95 volume % especially is desirable. Since the 
nonaqueous electrolyte rechargeable battery equipped with the nonaqueous electrolyte containing this non-aqueous 
solvent and the negative electrode containing the carbonaceous object which carries out occlusion discharge of the 
lithium ion can suppress that a metal lithium deposits in a negative electrode while being able to reduce the impedance 
of the interface of a negative electrode sharply, it can improve the charge-and-discharge efficiency of a negative 
electrode. Consequently, realizing the outstanding high current electric discharge property and a longevity life, the 
generation of gas at the time of elevated-temperature storage can be suppressed, and deformation of a sheathing 
material can be suppressed. Thus, it is guessed that it is what is depended on an operation which is explained below that 
a negative-electrode property is improved. In the aforementioned rechargeable battery, the protective film by EC is 
formed in the front face of the aforementioned negative electrode, and it is alike, in addition the thin and precise coat 
by VC is formed. Consequently, since the reaction of BL and a negative electrode is suppressed further, it is thought 
that the fall of an impedance and deposit prevention of a metal lithium are attained. 

[0155] Moreover, although it has the composition mentioned above as a non-aqueous solvent, you may use the thing 
containing BL, EC, and the aromatic compound of 40 - 95 volume % instead. As the aforementioned aromatic 
compound, at least one kind chosen from benzene, toluene, a xylene, a biphenyl, and a terphenyl can be mentioned, for 
example. EC can adhere on the surface of a negative electrode (for example, thing containing the carbonaceous object 
which carries out occlusion discharge of the lithium ion), can form a protective coat, and can suppress the reaction of a 
negative electrode and BL. As for the rate of a volume ratio of EC, at this time, it is desirable to consider as five to 40 
volume % for the reason same with having mentioned above. Moreover, the still more desirable range of the ratio of 
EC is ten to 35 volume %. On the other hand, since it is easy to stick on the surface of a negative electrode (for 
example, thing containing the carbonaceous object which carries out occlusion discharge of the lithium ion) to the 
benzene ring of the aforementioned aromatic compound, it can suppress the reaction of a negative electrode and BL. 
Therefore, since the nonaqueous electrolyte containing the non-aqueous solvent containing BL, EC, and the aromatic 
compound of 40 - 95 volume % can fully suppress the reaction of a negative electrode and BL, it can improve the 
charge-and-discharge cycle property of a rechargeable battery. As for such a non-aqueous solvent, it is desirable that 
the solvent which consists of at least one kind chosen from DEC, MEC, PC, TFPC, and VC further is included. Since 
the reaction of a negative electrode and BL can be further suppressed by adding the solvent which consists of at least 
one kind chosen from DEC, MEC, PC, TFPC, and VC, a charge-and-discharge cycle property can be improved further. 
Especially, VC is desirable. Especially the addition of the 3rd solvent which consists of at least one kind chosen from 
an aromatic compound, DEC, MEC and PC, TFPC, and VC is not limited, and is set as an amount which this operation 
produces. However, when the ratio of the 3rd solvent of the above in a non-aqueous solvent exceeds 10 volume %, 
there is a possibility that fully suppressing may become difficult about nonaqueous electrolyte carrying out oxidative 
degradation under hot environments, or the viscosity of nonaqueous electrolyte may become high, and ion conductivity 
may fall. For this reason, as for the rate of a volume ratio of the 3rd solvent of the above in a non-aqueous solvent, it is 
desirable to carry out to below 10 volume %. Furthermore, the desirable rate of a volume ratio is below 2 volume %. 
Moreover, the lower limit with desirable still more desirable making the lower limit of the rate of a volume ratio into 
0.001 volume % is 0.05 volume %. 

[0156] The 1st nonaqueous electrolyte rechargeable battery mentioned above having explained as an electrolyte 
contained in the aforementioned nonaqueous electrolyte and the same thing can be mentioned. Especially, it is LiPF6. 



Or LiBF4 Using is desirable. 

[0157] As* for the amount of dissolutions to the aforementioned non-aqueous solvent of the aforementioned electrolyte, 
it is desirable to carry out in 0.5-2.0 mols/1. 

[0158] In the aforementioned nonaqueous electrolyte, in order [ with separator ] to be smeared and to improve a sex, 
you may add surfactants, such as trioctylphosphate, in 0.1 - 1% of range. 

[0159] As for the amount of the aforementioned nonaqueous electrolyte, it is desirable to make it per [ 0.2-0.6g ] cell 
unit capacity lOOmAh for the same reason as for the 1st nonaqueous electrolyte rechargeable battery mentioned above 
to have explained. The more desirable range of the amount of nonaqueous electrolyte is 0.4-0.55g/100mAh. 
[0160] 5) As for the macromolecule which has the macromolecule aforementioned adhesive property which has an 
adhesive property, it is desirable that it is what can maintain a high adhesive property where nonaqueous electrolyte is 
held. Furthermore, when this macromolecule has high lithium ion conductivity, in addition, it is desirable. The 1st 
nonaqueous electrolyte rechargeable battery mentioned above having specifically explained and the same thing can be 
mentioned. Especially, a polyvinylidene fluoride is desirable. 

[0161] As for the macromolecule which has the aforementioned adhesive property, it is desirable to take the porous 
structure which has a detailed hole in a positive electrode, a negative electrode, and the opening of separator. The 
macromolecule which has the adhesive property which has porous structure can hold nonaqueous electrolyte. 
[0162] As for the total amount of a macromolecule which has the adhesive property included in the aforementioned 
cell, it is desirable to make it 0.1 -6mg per cell capacity lOOmAh for the same reason as for the 1st nonaqueous 
electrolyte rechargeable battery mentioned above to have explained. The more desirable range of the total amount of a 
macromolecule which has an adhesive property is 0.2- lmg per cell capacity lOOmAh. 
[0163] 6) The 2nd sheathing material 0.3mm or less is used for the sheathing material of ******** for the 1st 
sheathing material which the thickness containing a resin layer becomes from a sheet 0.5mm or less, and thickness. The 
1st sheathing material of the above and the 2nd sheathing material of the above are as the 1st nonaqueous electrolyte 
rechargeable battery mentioned above having explained. 

[0164] When using the aforementioned sheathing material made from a film, it is desirable for the aforementioned 
electrode group to have pasted the inside of the aforementioned sheathing material by the glue line in which the front 
face was formed in part at least. If it is made such composition, since the aforementioned sheathing material is fixable 
to the front face of the aforementioned electrode group, it can stop that the electrolytic solution permeates between an 
electrode group and a sheathing material. 

[0165] The thin shape rechargeable lithium- ion battery which is an example of this nonaqueous electrolyte 
rechargeable battery is explained in detail with reference to drawing 5 - drawing 7 . 

[0166] The cross section showing the thin shape rechargeable lithium-ion battery whose drawin g 5 is an example of the 
2nd [ concerning this invention ] nonaqueous electrolyte rechargeable battery, the expanded sectional view in which 
drawing 6 shows the B section of drawing 5 , and drawing 7 are the ** type views showing near the boundary of the 
positive-electrode layer in the rechargeable battery of drawing 5 , separator, and a negative-electrode layer. 
[0167] As shown in drawing 5 , the sheathing material 21 which consists of a film is surrounding the electrode group 
22. The aforementioned electrode group 22 has the structure where the laminated material which consists of a positive 
electrode, separator, and a negative electrode was wound around the flat configuration. As shown in drawing 6 , the 
aforementioned laminated material (from the drawing bottom) Separator 23, the positive-electrode layer 24 and the 
positive-electrode charge collector 25, the positive electrode 32 equipped with the positive-electrode layer 24, separator 
23 and the negative-electrode layer 26, the negative-electrode charge collector 27, the negative electrode 33 equipped 
with the negative-electrode layer 26, separator 23 and the positive-electrode layer 24, the positive-electrode charge 
collector 25, and the positive-electrode layer 24 The negative electrode 33 equipped with the positive electrode 32 
which it had, separator 23, and the negative-electrode layer 26 and the negative-electrode charge collector 27 carried 
out the laminating to this turn. As for the aforementioned electrode group 22, the aforementioned negative-electrode 
charge collector 27 is located in an outermost layer of drum. As for the front face of the aforementioned electrode 
group 22, jointing 28 exists. The inside of the aforementioned sheathing material 21 is pasted up on the aforementioned 
jointing 28. As shown in drawing 7 , the macromolecule 29 which has an adhesive property is held at the opening of 
the positive-electrode layer 24, separator 23, and the negative-electrode layer 26, respectively. A positive electrode 32 
and separator 23 are pasted up by the macromolecule 29 which has the adhesive property with which the interior and 
these boundaries of the positive-electrode layer 24 and separator 23 are dotted. On the other hand, a negative electrode 
33 and separator 23 are pasted up by the macromolecule 29 which has the adhesive property with which the interior and 
these boundaries of the negative-electrode layer 26 and separator 23 are dotted. Nonaqueous electrolyte sinks into the 
aforementioned electrode group 22 in the aforementioned sheathing material 21. The end was connected to the 
aforementioned positive-electrode charge collector 25 of the aforementioned electrode group 22, and, as for the band- 
like positive-electrode lead 30, the other end has extended from the aforementioned sheathing material 21. On the other 



hand, the end was' connected to the aforementioned negative-electrode charge collector 27 of the aforementioned 
electrode group 22, and, as for the band-like negative-electrode lead 31, the other end has extended from the 
aforementioned sheathing material 21. 

[0168] In addition, in drawin g 5 mentioned above, although jointing 28 was formed in the whole front face of the 
electrode group 22, you may form jointing 28 in a part of electrode group 2. When forming jointing 28 in a part of 
electrode group 22, it is desirable to form in the field which is equivalent to the outermost periphery of an electrode 
group at least. Moreover, there may not be jointing 28. 

[0169] A nonaqueous electrolyte rechargeable battery equipped with the electrode group which satisfies this condition 
of (a) mentioned above For example, the process which a porosity sheet is made to intervene as separator between the 
manufacture method explained in the 1st nonaqueous electrolyte rechargeable battery mentioned above (I), i.e., a 
positive electrode, and a negative electrode, and produces an electrode group, The process which infiltrates into the 
aforementioned electrode group the solution obtained by dissolving the macromolecule which has an adhesive property 
in a solvent, To the process which performs a vacuum drying to the aforementioned electrode group, the process which 
assembles a thin shape nonaqueous electrolyte rechargeable battery by sealing the aforementioned electrode group in 
the aforementioned sheathing material after infiltrating nonaqueous electrolyte into the aforementioned electrode 
group, and the aforementioned rechargeable battery, under 30 degrees C - 80 degrees C temperature conditions It is 
manufactured more than 0.05C by the method of providing the process which performs an initial charge at the charge 
rate below 0.5C. However, if the manufacture method of the nonaqueous electrolyte rechargeable battery concerning 
this invention is in the range of this invention, it will not be limited to the above-mentioned gestalt. 
[0170] Subsequently, a nonaqueous electrolyte rechargeable battery equipped with the nonaqueous electrolyte 
containing the non-aqueous solvent containing the electrode group which satisfies (b) mentioned above, and the 
gamma-butyrolactone of 40 - 95 volume % mentioned above is explained. 

[0171] In this rechargeable battery, the aforementioned positive electrode, the aforementioned negative electrode, and 
the aforementioned separator are unified by making the binder contained in the aforementioned positive electrode and 
the aforementioned negative electrode heat-harden. 

[0172] The column of (3) separator in the 2nd nonaqueous electrolyte rechargeable battery mentioned above having 
explained as the aforementioned separator and the same thing are used. Moreover, the column of (6) sheathing 
materials in the 2nd nonaqueous electrolyte rechargeable battery which was mentioned above and which was 
mentioned above having explained as a sheathing material which contains the aforementioned electrode group, and the 
same thing are used. 

[0173] The aforementioned positive electrode has the structure where the positive-active-material layer containing an 
active material, a binder, and an electric conduction agent was supported by one side or both sides of a charge collector. 
The column of (1) positive electrode in the 2nd nonaqueous electrolyte rechargeable battery which was mentioned 
above and which was mentioned above having explained as the aforementioned active material, a binder, an electric 
conduction agent, and a charge collector and the same thing are used. 

[0174] The aforementioned positive-active-material layer thickness is made into the range of 10-100 micrometers for 
the reason same with having mentioned above. In addition, when the positive-active-material layer is supported by both 
sides of a positive-electrode charge collector, the sum total thickness of a positive-active-material layer serves as the 
range of 20-200 micrometers. The range with desirable still more desirable setting the lower limit of a positive-active- 
material layer to 30 micrometers is 50 micrometers. On the other hand, the range with desirable still more desirable 
setting the upper limit of a positive-active-material layer to 85 micrometers is 60 micrometers. As for positive-active- 
material layer thickness, it is desirable to make it the range of 10-60 micrometers for the reason same with having 
explained in the 2nd nonaqueous electrolyte rechargeable battery mentioned above. Furthermore, the desirable range is 
30-50 micrometers. 

[0175] It compares with the voidage of the aforementioned negative-electrode active material layer, and the voidage of 
the aforementioned positive-active-material layer is a low. As for the voidage of the aforementioned positive-active- 
material layer, it is desirable to make it 25 - 40% of range for the reason same with having mentioned above. The more 
desirable range of voidage is 30 - 35%. 

[0176] The aforementioned negative electrode has the structure where the negative-electrode active material layer 
containing occlusion, the carbonaceous object to emit, and a binder was supported by one side or both sides of a charge 
collector in the lithium ion. The column of (2) negative electrodes in the 2nd nonaqueous electrolyte rechargeable 
battery mentioned above having explained as the aforementioned carbonaceous object, a binder, and a charge collector 
and the same thing are used. 

[0177] As for the thickness of the aforementioned negative-electrode active material layer, it is desirable to make it the 
range of 10-100 micrometers for the reason same with having mentioned above. In addition, when the negative- 
electrode active material layer is supported by both sides of a negative-electrode charge collector, it is desirable to 



make sum total thickness of a negative-electrode active material layer into the range of 20-200 micrometers. The range 
with desirable still more desirable setting the lower limit of a negative-electrode active material layer to 30 micrometers 
is 50 micrometers. On the other hand, the range with desirable still more desirable setting the upper limit of a negative- 
electrode active material layer to 85 micrometers is 60 micrometers. As for the thickness of a negative-electrode active 
material layer, it is desirable to make it the range of 10-60 micrometers for the reason same with having explained in 
the 2nd nonaqueous electrolyte rechargeable battery mentioned above. Furthermore, the desirable range is 30-50 
micrometers. 

[0178] As for the voidage of the aforementioned negative-electrode active material layer, it is desirable to make it 35 - 
50% of range for the reason same with having mentioned above. The more desirable range of voidage is 35 - 45%. 
[0179] As for the blending ratio of coal of the aforementioned carbonaceous object and the aforementioned binder, it is 
desirable that they are 90 - 98 % of the weight of carbonaceous objects and the range of 2 - 20 % of the weight of 
binders. Especially the aforementioned carbonaceous object is 10-70 g/cm2 at one side, where a negative electrode is 
produced. It is desirable to make it the range. 

[0180] The density of the aforementioned negative-electrode active material layer is 1.20 - 1.50 g/cm3. It is desirable to 
make it the range. 

[0181] This rechargeable battery For example, the manufacture method explained in the 1st nonaqueous electrolyte 
rechargeable battery mentioned above (II), i.e., the process which intervenes separator between a positive electrode and 
a negative electrode, and creates an electrode group, The process fabricated while heating the aforementioned electrode 
group at 40-120 degrees C, and the process which assembles a nonaqueous electrolyte rechargeable battery by sealing 
the aforementioned electrode group to a sheathing material after infiltrating nonaqueous electrolyte into the 
aforementioned electrode group, It is manufactured by the method of providing the process which performs an initial 
charge at the charge rate below 0.5C more than 0.05C under 30 degrees C - 80 degrees C temperature conditions in the 
aforementioned rechargeable battery. 

[0182] In addition, in the 2nd nonaqueous electrolyte rechargeable battery concerning this invention, you may be the 
structure which wound the electrode group which consists of a positive electrode, a negative electrode, and separator 
using the can which consists of aluminum etc. as a sheathing material, and was inserted in the can. In this case, as for 
the macromolecule which has jointing or an adhesive property, it is good for there to be nothing. 
[0183] Nonaqueous electrolyte containing the lithium salt which it sinks into the electrode group; aforementioned 
electrode group equipped with the separator with which the nonaqueous electrolyte rechargeable battery concerning 
this invention is arranged in a positive electrode and a lithium ion between the negative electrode containing occlusion 
and the material to emit, and the aforementioned positive electrode and the aforementioned negative electrode as 
explained in full detail above, and is dissolved in a non-aqueous solvent and the aforementioned non-aqueous solvent; 
the thickness by which the aforementioned electrode group is contained possesses 0.3mm or less sheathing-material;. 
Moreover, from 50 volume % of the whole non-aqueous solvent, there are many aforementioned non-aqueous solvents 
and they contain gamma-butyrolactone below 95 volume %. 

[0184] In the nonaqueous electrolyte rechargeable battery, it is requested that thickness is made thin with about 3 -4mm. 
Since cell capacity falls, it is not desirable to make thickness of an electrode group thin for thin-shape-izing. In order to 
make thickness thin, without sacrificing cell capacity, it is necessary to make thickness of a sheathing material thin. 
However, if thickness of a sheathing material is set to 0.3mm or less, a sheathing material will deform by the gas which 
occurs in elevated-temperature ******. For this reason, it was difficult for thickness to use a sheathing material 0.3mm 
or less, and the sacrifice of cell capacity had followed on thin shape-ization of a cell. 

[0185] Since gamma-butyrolactone is excellent in chemical stability, a positive active material and nonaqueous 
electrolyte can suppress that nonaqueous electrolyte carries out oxidative degradation in response to the time of storing 
under a high temperature service by carrying out the amount content of specification of the gamma-butyrolactone into a 
non-aqueous solvent. Consequently, since the amount of generation of gas can be lessened, it can stop that a sheathing 
material with as thin thickness as 0.3mm or less blisters. Therefore, since thin shape-ization can be attained without 
maintaining a practical high current electric discharge property and a charge-and-discharge cycle property, and making 
most cell capacity into a sacrifice, it excels in a high current electric discharge property, and a weight energy density 
and a volume energy density can realize the nonaqueous electrolyte rechargeable battery of a high thin shape long 
lasting. 

[0186] Since it can suppress that a negative electrode and gamma-butyrolactone react and nonaqueous electrolyte 
understands a returned part by making charge temperature into 30-80 degrees C, and setting a charge rate to 0.05-0.5C 
in case an initial charge is performed to the aforementioned rechargeable battery, the interface impedance of a negative 
electrode can be made low, and a deposit of a metal lithium can be suppressed. Therefore, the high current electric 
discharge property and charge-and-discharge cycle property of the aforementioned rechargeable battery can be 
improved. 



[0187] In the rechargeable battery concerning this invention, since the ionic conductivity of nonaqueous electrolyte can 
be improved by making concentration of the lithium salt of nonaqueous electrolyte into 0.5 or more mol/1, a high 
current electric discharge property and a cycle life can be improved more. 

[0188] In the rechargeable battery concerning this invention, since a protective coat can be formed on the surface of a 
negative electrode when the aforementioned non-aqueous solvent contains ethylene carbonate further in case the thing 
containing the carbonaceous object which carries out occlusion discharge of the lithium ion as a negative electrode is 
used, the reaction of a negative electrode and gamma-butyrolactone can be suppressed further, and a high current 
electric discharge property and a cycle life can be improved more. Since a negative-electrode front face can be 
precisely worn by the protective coat by making the 3rd solvent which consists of at least one kind chosen as this non- 
aqueous solvent from vinylene carbonate, propylene carbonate, diethyl carbonate, methylethyl carbonate, a truffe 
ROROPURO pyrene, and an aromatic compound contain further, the reaction of a negative electrode and gamma- 
butyrolactone can be reduced sharply, and a high current electric discharge property and a cycle life can be improved 
further. 

[0189] In the rechargeable battery concerning this invention, a high current electric discharge property and a cycle life 
can be raised more by making the product of cell capacity (Ah) and 1kHz cell internal impedance (mohms) below into 
1 10m ohm- Ah more than ohm [ 10m] and Ah. 

[0190] It sets to the rechargeable battery concerning this invention, and, for the aforementioned separator, air 
permeability is 600 second / 100cm3. By including the porosity sheet which is the following, the nonaqueous 
electrolyte which carried out the amount content of specification of the gamma-butyrolactone mentioned above can be 
uniformly infiltrated into separator. Consequently, since the ionic conductivity of separator can be improved, a high 
current electric discharge property and a cycle life can be raised more. 

[0191] By the way, the force which follows at expansion and contraction of the electrode group accompanying 
[ thickness / which is contained in the rechargeable battery concerning this invention ] a charge-and-discharge reaction 
in a sheathing material 0.3mm or less, is easy to transform, and pinches an electrode group is weak. For this reason, 
when a charge-and-discharge cycle advances, there is a possibility that the touch area of a positive electrode and 
separator and the touch area of a negative electrode and separator may decrease. While unifying by the macromolecule 
which has the adhesive property in which these boundaries exist the aforementioned positive electrode and the 
aforementioned separator in part at least, even if a charge-and-discharge cycle advances, a positive electrode, separator, 
and a negative electrode and separator can be pasted up by unifying by the macromolecule which has the adhesive 
property in which these boundaries exist the aforementioned negative electrode and the aforementioned separator in 
part at least. Consequently, since elevation of internal impedance can be suppressed, a cycle life can be improved more. 
Simultaneously, the generation of gas at the time of an elevated temperature can be reduced further. 
[0192] In the rechargeable battery concerning this invention, while making it unify by the macromolecule which has 
the adhesive property with which these interior and boundaries are dotted in the aforementioned positive electrode and 
the aforementioned separator, the bond strength of a positive electrode and separator and the bond strength of a 
negative electrode and separator can be improved, keeping internal resistance low by making it unify by the 
macromolecule which has the adhesive property with which these interior and boundaries are dotted in the 
aforementioned negative electrode and the aforementioned separator. Consequently, since elevation of internal 
impedance can be suppressed, a cycle life can be improved more. Simultaneously, the generation of gas at the time of 
an elevated temperature can be reduced further. 

[0193] In the rechargeable battery concerning this invention, keeping internal resistance low by making it unify by 
making the binder contained in the aforementioned positive electrode and the aforementioned negative electrode in the 
aforementioned positive electrode, the aforementioned negative electrode, and the aforementioned separator heat- 
harden, the touch area of a positive electrode and separator and the touch area of a negative electrode and separator can 
be improved, and the touch area can be maintained, even if it repeats a charge-and-discharge cycle. Consequently, since 
elevation of internal impedance can be suppressed, a cycle life can be improved more. Simultaneously, the generation 
of gas at the time of an elevated temperature can be reduced further. 

[0194] Moreover, the manufacture method of the nonaqueous electrolyte rechargeable battery concerning this invention 
It sinks into the aforementioned electrode group. An electrode group equipped with the separator arranged in a positive 
electrode and a lithium ion between the negative electrode containing occlusion and the material to emit, and a positive 
electrode and a negative electrode; A non-aqueous solvent, It is the manufacture method of a nonaqueous electrolyte 
rechargeable battery of providing nonaqueous electrolyte; containing the lithium salt dissolved in the aforementioned 
non-aqueous solvent, the aforementioned non-aqueous solvent The process which contains gamma-butyrolactone 
below 95 volume % more than 55 volume % of the whole non-aqueous solvent, and performs an initial charge at the 
charge rate below 0.5C more than 0.05C with 30-degree-C or more temperature of 80 degrees C or less is provided. 
[0195] According to the manufacture method of the nonaqueous electrolyte rechargeable battery of this invention, since 



the aforementioned nonaqueous electrolyte can be made to permeate in the inside of an electrode, or separator well, the 
impedance of a rechargeable battery can be made small, the utilization factor of an active material can be made high, 
and 'a substantial cell capacity can be improved. 

[0196] Moreover, nonaqueous electrolyte containing the lithium salt which it sinks into the electrode group; 
aforementioned electrode group equipped with the separator with which the nonaqueous electrolyte rechargeable 
battery concerning this invention is arranged in a positive electrode and a lithium ion between the negative electrode 
containing occlusion and the material to emit, and the aforementioned positive electrode and the aforementioned 
negative electrode, and is dissolved in a non-aqueous solvent and the aforementioned non-aqueous solvent; the 
aforementioned electrode group is contained and sheathing-material; which the thickness containing a resin layer 
becomes from a sheet 0.5mm or less is provided. Moreover, from 50 volume % of the whole non-aqueous solvent, 
there are many aforementioned non-aqueous solvents and they contain gamma-butyrolactone below 95 volume %. 
[0197] According to such a rechargeable battery, since the amount of generation of gas can be lessened, it can stop that 
the sheathing material which the thickness containing a resin layer becomes from a sheet 0.5mm or less, blisters. 
Consequently, since use of a lightweight sheathing material is attained and a high current electric discharge property 
practical moreover and a charge-and-discharge cycle property can be maintained, it excels in a high current electric 
discharge property, and a nonaqueous electrolyte rechargeable battery with a high weight energy density can be 
realized long lasting. 

[0198] The positive electrode containing the positive-active-material layer with which the nonaqueous electrolyte 
rechargeable battery concerning this invention is supported by one side or both sides of a positive-electrode charge 
collector and the aforementioned positive-electrode charge collector, The negative electrode containing the negative- 
electrode active material layer which is supported by one side or both sides of a negative-electrode charge collector and 
the aforementioned negative-electrode charge collector, and contains occlusion and the material to emit for a lithium 
ion, Nonaqueous electrolyte containing the lithium salt which it sinks into the electrode group; aforementioned 
electrode group equipped with the separator arranged between the aforementioned positive electrode and the 
aforementioned negative electrode, and is dissolved in a non-aqueous solvent and the aforementioned non-aqueous 
solvent; the thickness by which the aforementioned electrode group is contained possesses 0.3mm or less sheathing- 
material;. It compares with the voidage of the aforementioned negative-electrode active material layer, and the voidage 
of the aforementioned positive-active-material layer is a low. Moreover, the aforementioned positive-active-material 
layer thickness is 10-100 micrometers. Furthermore, the aforementioned non-aqueous solvent contains gamma- 
butyrolactone below 95 volume % more than 40 volume % of the whole non-aqueous solvent. 

[0199] In a nonaqueous electrolyte rechargeable battery, when a bias is in the distribution of the nonaqueous electrolyte 
of a negative electrode, current concentration arises in a negative electrode and the lithium DIN drama id becomes easy 
to deposit. In order to avoid this, in the negative electrode, voidage is made high and the permeability of nonaqueous 
electrolyte is raised. On the other hand, if about [ that such a problem does not arise ] and voidage is made to be the 
same as that of a negative electrode in a positive electrode, positive-active-material bed density will fall and a high 
capacity will no longer be obtained. Since it is such, making voidage of a positive active material low compared with a 
negative-electrode active material layer is performed. 

[0200] By the way, the nonaqueous electrolyte containing gamma-butyrolactone cannot tend to permeate an electrode 
like a positive electrode or a negative electrode easily uniformly. If you are going to make it sink into the low positive 
electrode of the voidage which mentioned this nonaqueous electrolyte above, since only a front face cannot be made to 
permeate, a cycle life falls remarkably. 

[0201] Like the invention in this application, the electrolytic-solution permeability of a positive-active-material layer is 
improvable by setting low positive-active-material layer thickness of voidage to 10-100 micrometers. Consequently, 
since the nonaqueous electrolyte containing gamma-butyrolactone can be made to permeate uniformly the both sides of 
a positive-active-material layer and a negative-electrode active material layer, the outstanding oxidation resistance 
which is the feature of gamma-butyrolactone can be employed efficiently fully, the generation of gas at the time of 
storing under a high temperature service can be suppressed by the nonaqueous electrolyte which contains the non- 
aqueous solvent containing the gamma-butyrolactone below 95 volume % more than 40 volume %, and it can stop that 
a sheathing material with as thin thickness as 0.3mm or less blisters. Therefore, since thin shape-ization can be attained 
without maintaining a practical high current electric discharge property and a charge-and-discharge cycle property, and 
making most cell capacity into a sacrifice, it excels in a high current electric discharge property, and a weight energy 
density and a volume energy density can realize the nonaqueous electrolyte rechargeable battery of a high thin shape 
long lasting. 

[0202] Since it can suppress that a negative electrode and gamma-butyrolactone react and nonaqueous electrolyte 
understands a returned part by making charge temperature into 30-80 degrees C, and setting a charge rate to 0.05-0.5C 
in case an initial charge is performed to the aforementioned rechargeable battery, the interface impedance of a negative 



electrode can be made low, and a deposit of a metal lithium can be suppressed. Therefore, the high current electric 
discharge property and charge-and-discharge cycle property of the aforementioned rechargeable battery can be 
improved. 

[0203] In the rechargeable battery concerning this invention, since the electrolytic-solution permeability of a negative- 
electrode active material layer can be improved by setting thickness of a negative-electrode active material layer to 10- 
100 micrometers, the amount of generation of gas of elevated-temperature ****** can be lessened further, and a high 
current electric discharge property and a charge-and-discharge cycle property can be improved more. 
[0204] In the rechargeable battery concerning this invention, since the ionic conductivity of nonaqueous electrolyte can 
be improved by making concentration of the lithium salt of nonaqueous electrolyte into 0.5 or more mol/1, a high 
current electric discharge property and a cycle life can be improved more. 

[0205] In the rechargeable battery concerning this invention, since a protective coat can be formed on the surface of a 
negative electrode when the aforementioned non-aqueous solvent contains ethylene carbonate further in case the thing 
containing the carbonaceous object which carries out occlusion discharge of the lithium ion as a negative electrode is 
used, the reaction of a negative electrode and gamma-butyrolactone can be suppressed further, and a high current 
electric discharge property and a cycle life can be improved more. Since a negative-electrode front face can be 
precisely worn by the protective coat by making the 3rd solvent which consists of at least one kind chosen as this non- 
aqueous solvent from vinylene carbonate, propylene carbonate, diethyl carbonate, methylethyl carbonate, a truffe 
ROROPURO pyrene, and an aromatic compound contain further, the reaction of a negative electrode and gamma- 
butyrolactone can be reduced sharply, and a high current electric discharge property and a cycle life can be improved 
further. 

[0206] It sets to the rechargeable battery concerning this invention, and, for the aforementioned separator, air 
permeability is 600 second / 100cm3. By including the porosity sheet which is the following, the nonaqueous 
electrolyte which carried out the amount content of specification of the gamma-butyrolactone mentioned above can be 
uniformly infiltrated into separator. Consequently, since the ionic conductivity of separator can be improved, a high 
current electric discharge property and a cycle life can be raised more. 

[0207] In the rechargeable battery concerning this invention, since elevation of the internal impedance accompanying 
advance of a charge-and-discharge cycle can be suppressed by unifying by the macromolecule which has the adhesive 
property in which these boundaries exist the aforementioned negative electrode and the aforementioned separator in 
part at least while unifying by the macromolecule which has the adhesive property in which these boundaries exist the 
aforementioned positive electrode and the aforementioned separator in part at least, a cycle life can be improved more. 
Simultaneously, the generation of gas at the time of an elevated temperature can be reduced further. 
[0208] While making it unify by the macromolecule which has the adhesive property with which these interior and 
boundaries are dotted in the aforementioned positive electrode and the aforementioned separator in the rechargeable 
battery concerning this invention By making it unify by the macromolecule which has the adhesive property with 
which these interior and boundaries are dotted in the aforementioned negative electrode and the aforementioned 
separator Internal impedance in early stages of a charge-and-discharge cycle can be made low, and since the value is 
maintainable even if a charge-and-discharge cycle advances, a cycle life can be improved more. Simultaneously, the 
generation of gas at the time of an elevated temperature can be reduced further. 

[0209] In the rechargeable battery concerning this invention, since it is maintainable by making it unify by making the 
binder contained in the aforementioned positive electrode and the aforementioned negative electrode in the 
aforementioned positive electrode, the aforementioned negative electrode, and the aforementioned separator heat- 
harden even if it can make low internal impedance in early stages of a charge-and-discharge cycle and a charge-and- 
discharge cycle advances the value, a cycle life can be improved more. Simultaneously, the generation of gas at the 
time of an elevated temperature can be reduced further. 

[0210] Moreover, the positive electrode containing the positive-active-material layer with which the nonaqueous 
electrolyte rechargeable battery concerning this invention is supported by one side or both sides of a positive-electrode 
charge collector and the aforementioned positive-electrode charge collector, The negative electrode containing the 
negative-electrode active material layer which is supported by one side or both sides of a negative-electrode charge 
collector and the aforementioned negative-electrode charge collector, and contains occlusion and the material to emit 
for a lithium ion, It sinks into the aforementioned electrode group. An electrode group equipped with the separator 
arranged between the aforementioned positive electrode and the aforementioned negative electrode; A non-aqueous 
solvent, Nonaqueous electrolyte containing the lithium salt dissolved in the aforementioned non-aqueous solvent; the 
aforementioned electrode group is contained and sheathing-material; which the thickness containing a resin layer 
becomes from a sheet 0.5mm or less is provided. It compares with the voidage of the aforementioned negative- 
electrode active material layer, and the voidage of the aforementioned positive-active-material layer is a low. The 
aforementioned positive-active-material layer thickness is 10-100 micrometers. Furthermore, the aforementioned non- 



aqueous solvent contains gamma-butyrolactone below 95 volume % more than 40 volume % of the whole non-aqueous 
solvent- 

[0211] According to such a rechargeable battery, since the amount of generation of gas can be lessened, it can stop that 
the sheathing material which the thickness containing a resin layer becomes from a sheet 0.5mm or less blisters. 
Consequently, since use of a lightweight sheathing material is attained and a high current electric discharge property 
practical moreover and a charge-and-discharge cycle property can be maintained, it excels in a high current electric 
discharge property, and a nonaqueous electrolyte rechargeable battery with a high weight energy density can be 
realized long lasting. 
[0212] 

[Example] Hereafter, the desirable example of this invention is explained in detail. 
[0213] (Example 1) 

<production of a positive electrode> - first — a lithium cobalt oxide (Lix Co02; — however) X 91 % of the weight of 
powder which is 0<=X<=1 3.5 % of the weight of acetylene black, Add [ both ] 3.5 % of the weight of graphite, 2 % of 
the weight of ethylene propylene diene monomer powder, and toluene, and it mixes. 10cm2 Electrode density is 3 
g/cm3 by pressing, after applying to both sides of the charge collector which consists of a porosity aluminum foil 
(thickness is 15 micrometers) with which a hole with a diameter of 0.5mm exists at a rate of ten hits. The positive 
electrode of the structure where the positive-electrode layer was supported by both sides of a charge collector was 
produced. 

[0214] The powder of a mesophase pitch based carbon fiber (for 8 micrometers and mean fiber length, 20 micrometers 
and an average spacing (d002) are [ the diameter of fiber ] 0.3360nm) heat-treated at 3000 degrees C as a <production 
of negative electrode> carbonaceous material 93 % of the weight, 7 % of the weight (PVdF) of polyvinylidene 
fluorides is mixed as a binder. It is this 10cm 2 Electrode density is 1.3 g/cm3 by applying to the charge collector 
which consists of porosity copper foil (thickness is 15 micrometers) in which a hole with a diameter of 0.5mm exists, 
and drying and pressing in it at a rate of ten hits. The negative electrode of the structure where the negative-electrode 
layer was supported by the charge collector was produced. 

[0215] <Separator> thickness prepared the separator with which 25 micrometers, 120 degrees C, and a thermal 
contraction in 1 hour consist of a porosity film made from polyethylene whose porosity is 50% at 20%. 
[0216]<Manufacture of nonaq ueous electrol yte 4 fl»nriHe lithium hnr^e, (LiBF4) was dissolved in the mixed solven t 
(mixture pr oQucrratiu 25.731"uTethy1ene carbonate (KC) and gamma-hutyrolactone (BL) 1.5 m ols / 1, and nonaqueous 
ele ctrglyfe was prepared. ~ " 

f02l / J Atier welding the 6and-like positive-electrode lead to the charge collector of the <production of electrode 
group> aforementioned positive electrode, welding a band-like negative-electrode lead to the charge collector of the 
aforementioned negative electrode and winding the aforementioned positive electrode and the aforementioned negative 
electrode in the shape of a whorl through the aforementioned separator between them, it fabricated in the shape of flat, 
and the electrode group was produced. 

[021 8] The laminate film with a thickness of 100 micrometers which was wearing both sides of an aluminum foil with 
polypropylene was fabricated to the saccate, and it contained so that the laminating side shown in drawing 3 which 
mentioned the aforementioned electrode group above in this might be in sight from opening in a bag. The 
polyvinylidene fluoride (PVdF) which is the macromolecule which has an adhesive property was dissolved in the 
dimethyl formamide (the boiling point is 153 degrees C) which is an organic solvent 0.3% of the weight. While the 
obtained solution is poured in so that the amount per cell capacity lOOmAh may be set to 0.2ml at the electrode group 
in the aforementioned laminate film, and making the aforementioned solution permeate the interior of the 
aforementioned electrode group, it was made to adhere to the whole front face of the aforementioned electrode group. 
[0219] Subsequently, the aforementioned organic solvent was evaporated by performing a vacuum drying to the 
electrode group in the aforementioned laminate film at 80 degrees C for 12 hours, and porosity jointing was formed in 
the front face of the aforementioned electrode group while making the macromolecule which has an adhesive property 
in a positive electrode, a negative electrode, and the opening of separator hold. The total amount of PVdF was 0.6mg 
per cell capacity lOOmAh. 

[0220] It pours into the electrode group in the aforementioned laminate film so that the amount per cell capacity 1 Ah 
may be set to 4.7g in the aforementioned nonaqueous electrolyte, and it has drawing 1 mentioned above and the 
structure shown in 2, and thickness assembled the thin shape nonaqueous electrolyte rechargeable battery 40mm and 
whose height 3mm and width of face are 70mm. 

[0221] The following measures were taken as an initial-charge process to this nonaqueous electrolyte rechargeable 
battery. First, after leaving 5h under 40-degree C hot environments, a constant current and constant-potential charge 
were performed to 4.2V by 0.2C (120mA) under the environment for 10 hours. It discharged to 2.7V by 0.2C after that, 
and charged on the conditions as 1 cycle eye also with the still more nearly same two-cycle eye, and the nonaqueous 



electrolyte rechargeable battery was manufactured. 

[0222] The capacity of a non-aqueous-solvent rechargeable battery and the 1kHz internal impedance which were 
acquired were measured. Moreover, in order to investigate a high current electric discharge property, the capacity 
maintenance factor at the time of 2C electric discharge at a room temperature (20 degrees C) was measured. Moreover, 
in order to investigate a charge-and-discharge cycle property, the cycle of 3-hour charge of the 4.2V constant current 
and constant voltage in a 0.5C rate and 2.7V electric discharge of 1C rate was repeated, and the capacity maintenance 
factor after 300 cycles was measured. Moreover, bulging after high temperature storage of 120 hours was measured at 
85 degrees C after 4.2V charge. The above the electrolytic-solution composition, initial-charge conditions, and cell 
property of a cell of an example 1 are shown in Table 1. 

[0223] (An example 2 - example 7) Except having changed, as composition of the solvent of the electrolytic solution 
was shown in Table 1, the thin shape nonaqueous electrolyte rechargeable battery was obtained like the example 1, and 
cell evaluation was performed. The electrolytic-solution composition, initial-charge conditions, and cell property of a 
cell of each example are shown in Table 1 . 

[0224] (Example 8) As a sheathing material, the aluminium can whose thickness is 0.2mm was used, and the example 8 
did not add the macromolecule which has an adhesive property, but except having made outside ** into 3.2mm in 
thickness, width of face of 40mm, and a height of 70mm, it obtained the thin shape nonaqueous electrolyte 
rechargeable battery as well as the thin shape nonaqueous electrolyte rechargeable battery of an example 1, and 
performed cell evaluation. The electrolytic-solution composition, initial-charge conditions, and cell property of a cell of 
an example 8 are shown in Table 1 . 

[0225] (An example 9 - example 11) Except having changed, as the temperature at the time of an example 1 and initial 
charge was shown in Table 1, the thin shape nonaqueous electrolyte rechargeable battery was obtained like the example 
1, and cell evaluation was performed. Electrolytic-solution composition of the cell of each example, initial-charge 
conditions, and the property of a cell are shown in Table 1. 

[0226] (Examples 12 and 13) Except having changed, as composition of the solvent of the electrolytic solution was 
shown in Table 1, the thin shape nonaqueous electrolyte rechargeable battery was obtained like the example 1, and cell 
evaluation was performed. The electrolytic-solution composition, initial-charge conditions, and cell property of a cell 
of each example are shown in Table 1 . 

[0227] (Example 1 of comparison) It is 1.5 mols [/l. ] LiBF4 to BL 100% as nonaqueous electrolyte. The thin shape 
nonaqueous electrolyte rechargeable battery was obtained like the example 1 except using what was dissolved, and cell 
evaluation was performed. The electrolytic-solution composition, initial-charge conditions, and cell property of a cell 
of the example 1 of comparison are shown in Table 2. 

[0228] (Example 2 of comparison) It is 1.5 mols [/l. ] LiBF4 in nonaqueous electrolyte to the mixed solvent (rate 
50:25:25 of a volume ratio) of BL, and EC and MEC. Except using what was dissolved, the same thin shape 
nonaqueous electrolyte rechargeable battery as an example 1 was obtained, and cell evaluation was performed. The 
electrolytic-solution composition, initial-charge conditions, and cell property of a cell of the example 2 of comparison 
are shown in Table 2. 

[0229] (Example 3 of comparison) It is 1.5 mols [/l. ] LiBF4 to BL and EC (rate 50:50 of a volume ratio) in 
nonaqueous electrolyte. Using what was dissolved, except having changed the temperature and the charge rate at the 
time of initial charge, the same thin shape nonaqueous electrolyte rechargeable battery as an example 1 was obtained, 
and cell evaluation was performed. The electrolytic-solution composition, initial-charge conditions, and cell property of 
a cell of the example 3 of comparison are shown in Table 2. 

[0230] (Example 4 of comparison) The same thin shape nonaqueous electrolyte rechargeable battery as an example 1 
was obtained except using for nonaqueous electrolyte what dissolved one mol [/l. ] LiPF6 at BL and MEC (rate 25:75 
of a volume ratio), and cell evaluation was performed. The electrolytic-solution composition, initial-charge conditions, 
and cell property of a cell of the example 4 of comparison are shown in Table 2. 

[0231] (Example 5 of comparison) It is 1.5 mols [/I. ] LiBF4 to BL and EC (rate 25:75 of a volume ratio) in 
nonaqueous electrolyte. The same thin shape nonaqueous electrolyte rechargeable battery as an example 1 was obtained 
except using what was dissolved, and cell evaluation was performed. The electrolytic-solution composition, initial- 
charge conditions, and cell property of a cell of the example 5 of comparison are shown in Table 2. 
[0232] (Example 6 of comparison) It is 0.8 mols [/l. ] LiPF6 to BL and EC (rate 50:50 of a volume ratio) in nonaqueous 
electrolyte. The same thin shape nonaqueous electrolyte rechargeable battery as an example 1 was obtained using what 
was dissolved except having made temperature at the time of initial charge into 25 degrees C, and cell evaluation was 
performed. The electrolytic-solution composition, initial-charge conditions, and cell property of a cell of the example 6 
of comparison are shown in Table 2. 

[0233] (Example 7 of comparison) It is 1.5 mols [/l. ] LiBF4 to BL and EC (rate 50:50 of a volume ratio) in 
nonaqueous electrolyte. The same thin shape nonaqueous electrolyte rechargeable battery as an example 8 was obtained 



using what was dissolved except having made temperature at the time of initial charge into 25 degrees C, and cell 
evaluation was performed. The electrolytic-solution composition, initial-charge conditions, and cell property of a cell 
of the example 7 of comparison are shown in Table 2. 

[0234] (Example 8 of comparison) The same thin shape nonaqueous electrolyte rechargeable battery as an example 1 
was obtained except having made temperature at the time of initial charge into 25 degrees C at BL and EC (rate 99: 1 of 
a volume ratio) at nonaqueous electrolyte using what dissolved 1.5 mols [/l. ] LiBF4, and cell evaluation was 
performed. The electrolytic-solution composition, initial-charge conditions, and cell property of a cell of the example 8 
of comparison are shown in Table 2. 

[0235] (Example 9 of comparison) It is 1.5 mols [/I. ] LiBF4 to BL, and EC and DEC (rate 50:25:25 of a volume ratio) 
in nonaqueous electrolyte. The same thin shape nonaqueous electrolyte rechargeable battery as an example 1 was 
obtained except using what was dissolved, and cell evaluation was performed. The electrolytic-solution composition, 
initial-charge conditions, and cell property of a cell of the example 9 of comparison are shown in Table 2. 
[0236] (Example 10 of comparison) It is 1.5 mols [/I. ] LiBF4 to BL, and EC and MEC (rate 50:25:25 of a volume 
ratio) in nonaqueous electrolyte. The same thin shape nonaqueous electrolyte rechargeable battery as an example 1 was 
obtained except using what was dissolved, and cell evaluation was performed. The electrolytic-solution composition, 
initial-charge conditions, and cell property of a cell of the example 10 of comparison are shown in Table 2. 
[0237] (Example 1 1 of comparison) It is 1.5 mols [/l. ] LiBF4 to BL, and PC and EC (rate 50:25:25 of a volume ratio) 
as nonaqueous electrolyte. The thin shape nonaqueous electrolyte rechargeable battery was obtained like the example 1 
except using what was dissolved, and cell evaluation was performed. The electrolytic-solution composition, initial- 
charge conditions, and cell property of a cell of the example 1 1 of comparison are shown in Table 2_ 
[0238] 
[Table 1] 
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[Table 2] 
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[0240] There is more thickness than a sheathing material 0.3mm or less and 50 volume %, and it turns out that the 
rechargeable battery of the examples 1-13 equipped with the nonaqueous electrolyte containing the non- aqueous 
solvent containing BL below 95 volume % can suppress that a sheathing material blisters, and can improve the service 
capacity in 2C, and the capacity maintenance factor after 300 cycles at the time of elevated-temperature storage so that 
clearly from Table 1 and Table 2. 

[0241] on the other hand, example of comparison 1- although the rechargeable battery of 3 and 1 1 can suppress bulging 
of the sheathing material at the time of elevated- temperature storage, it turns out that the service capacity in 2C and the 
capacity maintenance factor after 300 cycles are inferior compared with examples 1-13 Moreover, the rechargeable 
battery of the examples 4-10 of comparison is understood that bulging of the sheathing material at the time of elevated- 
temperature storage is large compared with examples 1-13. In addition, the nonaqueous electrolyte contained in the 
rechargeable battery of the example 1 of comparison is equivalent to the nonaqueous electrolyte indicated by JP,1 1- 
97062,A mentioned above. Moreover, the nonaqueous electrolyte contained in the rechargeable battery of the example 
1 1 of comparison is equivalent to the nonaqueous electrolyte indicated by JP,4-14769,A mentioned above. 
[0242] (Example 14) the aluminium can whose thickness is 0.35mm as a sheathing material - using - a cell size - an 
example 1 - being the same (40mm and height being [ thickness ] 70mm for 3mm and width of face) - the thin shape 



nonaqueous electrolyte rechargeable battery was manufactured like the example 1 mentioned above except making 
thickness of an electrode group thin so that it may become The capacity of the obtained rechargeable battery was 0.4Ah 
(s). 

[0243] (Example 15) The thin shape nonaqueous electrolyte rechargeable battery was manufactured like the example 1 
mentioned above except using what dissolved 1.5 mols (LiBF4) /of 4 fluoride lithium borate in the non-aqueous 
solvent which consists of the ethylene carbonate (EC) of 24 volume %, gamma-butyrolactone (BL) of 75 volume %, 
and vinylene carbonate (VC) of 1 volume %1. as nonaqueous electrolyte. 

[0244] (Example 16) The thin shape nonaqueous electrolyte rechargeable battery was manufactured like the example 1 
mentioned above except using what dissolved 1.5 mols (LiBF4) /of 4 fluoride lithium borate in the non-aqueous 
solvent which consists of the ethylene carbonate (EC) of 23 volume %, gamma-butyrolactone (BL) of 75 volume %, 
and vinylene carbonate (VC) of 2 volume %1. as nonaqueous electrolyte. 

[0245] (Example 17) The thin shape nonaqueous electrolyte rechargeable battery was manufactured like the example 1 
mentioned above except using what dissolved 1.5 mols (LiBF4) /of 4 fluoride lithium borate in the non-aqueous 
solvent which consists of the ethylene carbonate (EC) of 24.5 volume %, gamma-butyrolactone (BL) of 75 volume %, 
and vinylene carbonate (VC) of 0.5 volume %1. as nonaqueous electrolyte. 

[0246] (Example 18) The thin shape nonaqueous electrolyte rechargeable battery was manufactured like the example 1 
mentioned above except using what dissolved 1.5 mols (LiBF4) /of 4 fluoride lithium borate in the non- aqueous 
solvent which consists of the ethylene carbonate (EC) of 25 volume %, gamma-butyrolactone (BL) of 74 volume %, 
and toluene of 1 volume %1. as nonaqueous electrolyte. 

[0247] About the rechargeable battery of the acquired examples 15-18, as the example 1 mentioned above explained, 
bulging after storage is measured at capacity, internal impedance, the capacity maintenance factor at the time of 2C 
electric discharge, the capacity maintenance factor after 300 cycles, and 85 degrees C, and the result is shown in the 
following table 3. 
[0248] 
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[0249] And the rechargeable battery of the examples 15-17 equipped with the nonaqueous electrolyte containing BL, 
EC, and VC below 95 volume % and the rechargeable battery of the example 18 equipped with the nonaqueous 
electrolyte which there is than 50 volume % and contains BL, EC, and the aromatic compound below 95 volume % are 
understood that the capacity maintenance factor after 300 cycles is high than 50 volume % compared with the 
rechargeable battery of an example 1 so that clearly from Table 3. [ more ] 

[0250] (Example 19) As separator, thickness manufactured the thin shape nonaqueous electrolyte rechargeable battery 
by 25 micrometers like the example 1 which 120 degrees C and the thermal contraction in 1 hour mentioned above 
except air permeability using 90sec(s) / porosity film made from polyethylene whose porosity it is 3 100cm and is 50% 
at 20%. 

[0251] (Example 20) The thin shape nonaqueous electrolyte rechargeable battery was manufactured like the example 
19 which mentioned above the air permeability of the porosity film of separator except 580sec(s) / 3 costing 100cm. 
[0252] (Example 21) The thin shape nonaqueous electrolyte rechargeable battery was manufactured like the example 
19 which mentioned above the air permeability of the porosity sheet of separator except 400sec(s) / 3 costing 100cm. 
[0253] (Example 22) The thin shape nonaqueous electrolyte rechargeable battery was manufactured like the example 
19 which mentioned above the air permeability of the porosity sheet of separator except 150sec(s) / 3 costing 100cm. 
[0254] About the rechargeable battery of the acquired examples 19-22, as the example 1 mentioned above explained, 
bulging after storage is measured at capacity, internal impedance, the capacity maintenance factor at the time of 2C 
electric discharge, the capacity maintenance factor after 300 cycles, and 85 degrees C, and the result is shown in the 
following table 4. 
[0255] 
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[0256] (Example 23) Except not adding the macromolecule which has an adhesive property, as the example 1 
mentioned above explained, the electrode group was produced. The thickness which is a sheathing material contained 
the obtained electrode group to the aluminium can which is 0.20mm. Subsequently, by pressing in the aforementioned 
sheathing material by the pressure of 10 kg/cm2 along the thickness direction of an electrode group in 80-degree C 
elevated-temperature vacuum atmosphere, the binder contained in the aforementioned positive electrode and a negative 
electrode in a positive electrode, a negative electrode, and separator was made to heat-harden, and it unified. 
[0257] L5 mols (LiBF4) /of 4 fluoride lithium borate were dissolved in the non-aqueous solvent which consists of the 
ethylene carbonate (EC) of 24.5 volume %, gamma-butyrolactone (BL) of 75 volume %, and vinylene carbonate (VC) 
of 0.5 volume %1., and nonaqueous electrolyte was prepared. The aforementioned nonaqueous electrolyte was poured 
into the electrode group in the aforementioned aluminium can so that the amount per cell capacity 1 Ah might become 
being the same as that of 4.7g, and thickness assembled the thin shape nonaqueous electrolyte rechargeable battery 
40mm and whose height 3.2mm and width of face are 70mm by obturating. 

[0258] (Example 24) Except not adding the macromolecule which has an adhesive property, as the example 1 
mentioned above explained, the electrode group was produced. The thickness which is a sheathing material contained 
the obtained electrode group to the aluminium can which is 0.20mm. Subsequently, by pressing in the aforementioned 
sheathing material by the pressure of 10 kg/cm2 along the thickness direction of an electrode group in 80-degree C 
elevated-temperature vacuum atmosphere, the binder contained in the aforementioned positive electrode and a negative 
electrode in a positive electrode, a negative electrode, and separator was made to heat-harden, and it unified. 
[0259] 1.5 mols (LiBF4) /of 4 fluoride lithium borate were dissolved in the non-aqueous solvent which consists of the 
ethylene carbonate (EC) of 23 volume %, gamma-butyrolactone (BL) of 75 volume %, and vinylene carbonate (VC) of 
2 volume %1., and nonaqueous electrolyte was prepared. The aforementioned nonaqueous electrolyte was poured into 
the electrode group in the aforementioned aluminium can so that the amount per cell capacity 1 Ah might become being 
the same as that of 4.7g, and thickness assembled the thin shape nonaqueous electrolyte rechargeable battery 40mm and 
whose height 3.2mm and width of face are 70mm. 

[0260] About the rechargeable battery of the acquired examples 23-24, as the example 1 mentioned above explained, 
bulging after storage is measured at capacity, internal impedance, the capacity maintenance factor at the time of 2C 
electric discharge, the capacity maintenance factor after 300 cycles, and 85 degrees C, and the result is shown in the 
following table 5. 
[0261] 
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[0262] The rechargeable battery of examples 23-24 is high capacity, and the capacity maintenance factor after the time 
of 2C electric discharge and 300 cycles is high, and it turns out that bulging at the time of storing at 85 degrees C can 
be suppressed so that clearly from Table 5. 

[0263] (Example 25) Thickness manufactured the nonaqueous electrolyte rechargeable battery like the example 1 
mentioned above using the laminate film with a thickness of 500 micrometers which was wearing both sides of 
aluminum foil with polypropylene as a sheathing material except 4mm and width of face setting it 100mm, and height 



setting a cell size to 280mm. 

[0264] About the rechargeable battery of the acquired example 25, as the example 1 mentioned above explained, 
bulging after storage was measured at capacity, the capacity maintenance factor at the time of 2C electric discharge, the 
capacity maintenance factor after 300 cycles, and 85 degrees C. Consequently, capacity was 6Ah(s), the capacity 
maintenance factor was 85% at the time of 2C electric discharge, the capacity maintenance factor after 300 cycles was 
90%, and bulging after 85-degree-C storage of the rechargeable battery of an example 25 was 3%. Therefore, and when 
the non-aqueous solvent containing BL below 95 volume % was used, it has checked that the laminate film whose 
thickness is 0.5mm as a sheathing material of a large-sized cell like an electric vehicle could be used than 50 volume 
%. 

[0265] (Example 26) 

<production of a positive electrode> — first — a lithium cobalt oxide (Lix Co02; — however) X 91 % of the weight of 
powder which is 0<=X<=1 2.5 % of the weight of acetylene black, Add [ both ] 3 % of the weight of graphite, 4 % of 
the weight (PVdF) of polyvinylidene fluorides, and N-methyl pyrrolidone (NMP) solution, and it mixes. Density is 3.3 
g/cm3 to each field of a charge collector by drying and pressing, after applying to both sides of the charge collector 
with which it is thin from the aluminum foil which is 10 micrometers. Voidage produced the positive electrode of the 
structure where the positive-active-material layer whose thickness is 48 micrometers was supported with 34%. 
[0266] The powder of a mesophase pitch based carbon fiber (for 8 micrometers and mean fiber length, 20 micrometers 
and an average spacing (d002) are [ the diameter of fiber ] 0.3360nm) heat-treated at 3000 degrees C as a <production 
of negative electrode> carbonaceous material 93 % of the weight, By mixing N-methyl pyrrolidone solution with 7 % 
of the weight (PVdF) of polyvinylidene fluorides as a binder, applying this to both sides of the charge collector with 
which it is thin from the copper foil which is 10 micrometers, and drying and pressing it in them Density is 1.3 g/cm3 
to each side of a charge collector. Voidage produced the negative electrode of the structure where the negative- 
electrode active material layer whose thickness is 45 micrometers was supported with 41%. 

[0267] The separator which consists of a porosity film made from polyethylene whose porosity <separator> thickness 
is 20 micrometers and is 50% was prepared. 

[0268] After winding the <production of electrode group> aforementioned positive electrode, and the aforementioned 
negative electrode in the shape of a whorl through the aforementioned separator between them, it fabricated in the 
shape of flat, and thickness produced the flat electrode group 30mm and whose height 2.5mm and width of face are 
50mm. 

[0269] <Manufacture of nonaqueous electrolyte> 4 fluoride lithium borate (LiBF4) was dissolved in the mixed solvent 
(mixture product ratio 25:75) of ethylene carbonate (EC) and gamma-butyrolactone (BL) 1.5 mols / 1, and nonaqueous 
electrolyte was prepared. 

[0270] Subsequently, the laminate film with a thickness of 100 micrometers which was wearing both sides of 
aluminum foil with polypropylene was fabricated to the saccate, the aforementioned electrode group was contained to 
this, and both sides were inserted with the electrode holder so that it might be thin to 2.7mm. The polyvinylidene 
fluoride (PVdF) which is the macromolecule which has an adhesive property was dissolved in the dimethyl formamide 
(the boiling point is 153 degrees C) which is an organic solvent 0.3% of the weight. While the obtained solution is 
poured in so that the amount per cell capacity lOOmAh may be set to 0.6ml at the electrode group in the 
aforementioned laminate film, and making the aforementioned solution permeate the interior of the aforementioned 
electrode group, it was made to adhere to the whole front face of the aforementioned electrode group. 
[0271] Subsequently, the aforementioned organic solvent was evaporated by performing a vacuum drying to the 
electrode group in the aforementioned laminate film at 80 degrees C for 12 hours, and porosity jointing was formed in 
the front face of the aforementioned electrode group while making the macromolecule which has an adhesive property 
in a positive electrode, a negative electrode, and the opening of separator hold. 

[0272] The aforementioned nonaqueous electrolyte was poured into the electrode group in the aforementioned laminate 
film so that the amount per cell capacity 1 Ah might be set to 2g, and thickness assembled the thin shape nonaqueous 
electrolyte rechargeable battery 32mm and whose height 3mm and width of face are 55mm. 
[0273] The following measures were taken as an initial-charge process to this nonaqueous electrolyte rechargeable 
battery. First, after leaving 5h under 40-degree C hot environments, a constant current and constant-potential charge 
were performed to 4.2V by 0.2C (120mA) under the environment for 10 hours. It discharged to 2.7V by 0.2C after that, 
and charged on the conditions as 1 cycle eye also with the still more nearly same two-cycle eye, and the nonaqueous 
electrolyte rechargeable battery was manufactured. 

[0274] In order to investigate the high current electric discharge property in the room temperature (20 degrees C) of the 
obtained non-aqueous-solvent rechargeable battery, the capacity maintenance factor at the time of 3C electric discharge 
was measured. Under the present circumstances, service capacity in 0.2C was made into reference capacity. Moreover, 
in order to investigate a charge-and-discharge cycle property, the cycle of 3-hour charge of the 4.2V constant current 



and constant voltage in a 0.7C rate and 2.7V electric discharge of 1C rate was repeated, and the capacity maintenance 
factor after 300 cycles was measured. Moreover, bulging after high temperature storage of 120 hours was measured at 
85 degrees C after 4.2V charge. The initial capacity of the cell of the above example 26, active material layer thickness, 
the content ratio of the gamma-butyrolactone of the solvent of the electrolytic solution, and a cell property are shown in 
Table 6. 

[0275] (Examples 27-37, A and B, and examples 12-13 of comparison) Except having changed, as the thickness of one 
side of a positive-active-material layer and a negative-electrode active material layer and the content ratio of the 
gamma-butyrolactone of the solvent of the electrolytic solution were shown in Table 6, the thin shape nonaqueous 
electrolyte rechargeable battery was obtained like the example 26, and cell evaluation was performed. The initial 
capacity of each cell, active material layer thickness, the content ratio of the gamma-butyrolactone of the solvent of the 
electrolytic solution, and a cell property are written together to Table 6. 
[0276] 
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[0277] It turns out that the examples 26-37 equipped with the nonaqueous electrolyte containing the positive electrode 
whose positive-active-material layer thickness is 10-100 micrometers, and the non-aqueous solvent in which thickness 
contains a sheathing material 0.3mm or less and BL of 40 - 95 volume %, and the rechargeable battery of A and B can 
suppress that a sheathing material blisters, and can improve initial capacity, the service capacity in 3C, and the capacity 
maintenance factor after 300 cycles at the time of elevated-temperature storage so that clearly from Table 6. 
[0278] On the other hand, it turns out that the rechargeable battery of the example 12 of comparison is inferior in the 
service capacity in 3C, and the capacity maintenance factor after 300 cycles compared with examples 26-37, and A and 
B. Moreover, it turns out that the rechargeable battery of the example 13 of comparison is inferior in the service 
capacity in 3C compared with examples 26-37, and A and B. 

[0279] (Example 38) The thin shape nonaqueous electrolyte rechargeable battery was manufactured like the example 
26 mentioned above except using what dissolved 1.5 mols (LiBF4) /of 4 fluoride lithium borate in the non-aqueous 
solvent which consists of the ethylene carbonate (EC) of 24.9 volume %, gamma-butyrolactone (BL) of 75 volume %, 
and vinylene carbonate (VC) of 0.1 volume %1. as nonaqueous electrolyte. 

[0280] (Example 39) The thin shape nonaqueous electrolyte rechargeable battery was manufactured like the example 
26 mentioned above except using what dissolved 1.5 mols (LiBF4) /of 4 fluoride lithium borate in the non-aqueous 
solvent which consists of the ethylene carbonate (EC) of 24 volume %, gamma-butyrolactone (BL) of 75 volume %, 
and vinylene carbonate (VC) of 1 volume %1. as nonaqueous electrolyte. 

[0281] (Example 40) The thin shape nonaqueous electrolyte rechargeable battery was manufactured like the example 
26 mentioned above except using what dissolved 1.5 mols (LiBF4) /of 4 fluoride lithium borate in the non-aqueous 
solvent which consists of the ethylene carbonate (EC) of 20 volume %, gamma-butyrolactone (BL) of 75 volume %, 
and vinylene carbonate (VC) of 5 volume %1. as nonaqueous electrolyte. 

[0282] (Example 41) The thin shape nonaqueous electrolyte rechargeable battery was manufactured like the example 



26 mentioned above except using what dissolved 1.5 mols (LiBF4) /of 4 fluoride lithium borate in the non-aqueous 
solvent which consists of the ethylene carbonate (EC) of 25 volume %, gamma-butyrolactone (BL) of 74 volume %, 
and toluene of 1 volume %1. as nonaqueous electrolyte. 

[0283] About the rechargeable battery of the acquired examples 38-41, as the example 26 mentioned above explained, 
bulging after storage is measured at capacity, the capacity maintenance factor at the time of 3C electric discharge, the 
capacity maintenance factor after 300 cycles, and 85 degrees C, and the result is shown in the following table 7. 
[0284] 
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[0285] The rechargeable battery of the example 41 equipped with the nonaqueous electrolyte containing the 
rechargeable battery of the examples 38-40 equipped with the nonaqueous electrolyte containing BL, EC, and VC of 40 
- 95 volume %, and BL, EC and the aromatic compound of 40 - 95 volume % is understood that the capacity 
maintenance factor after 300 cycles is high compared with the rechargeable battery of an example 26 so that clearly 
from Table 7. 

[0286] (Example 42) As separator, thickness manufactured the thin shape nonaqueous electrolyte rechargeable battery 
by 25 micrometers like the example 26 which 120 degrees C and the thermal contraction in 1 hour mentioned above 
except air permeability using 90sec(s) / porosity film made from polyethylene whose porosity it is 3 100cm and is 50% 
at 20%. 

[0287] (Example 43) The thin shape nonaqueous electrolyte rechargeable battery was manufactured like the example 
42 which mentioned above the air permeability of the porosity film of separator except 580sec(s) / 3 costing 100cm. 
[0288] (Example 44) The thin shape nonaqueous electrolyte rechargeable battery was manufactured like the example 
42 which mentioned above the air permeability of the porosity sheet of separator except 400sec(s) / 3 costing 100cm. 
[0289] (Example 45) The thin shape nonaqueous electrolyte rechargeable battery was manufactured like the example 
42 which mentioned above the air permeability of the porosity sheet of separator except 150sec(s) / 3 costing 100cm. 
[0290] About the rechargeable battery of the acquired examples 42-45, as the example 26 mentioned above explained, 
bulging after storage is measured at capacity, the capacity maintenance factor at the time of 3C electric discharge, the 
capacity maintenance factor after 300 cycles, and 85 degrees C, and the result is shown in the following table 8. 



[0291] 
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[0292] (Example 46) Except not adding the macromolecule which has an adhesive property, as the example 26 
mentioned above explained, the electrode group was produced. The thickness which is a sheathing material contained 
the obtained electrode group to the aluminium can which is 0.18mm. Subsequently, by pressing in the aforementioned 
sheathing material by the pressure of 10 kg/cm2 along the thickness direction of an electrode group in 80-degree C 
elevated-temperature vacuum atmosphere, the binder contained in the aforementioned positive electrode and a negative 
electrode in a positive electrode, a negative electrode, and separator was made to heat-harden, and it unified. 
[0293] 1.5 mols (LiBF4) /of 4 fluoride lithium borate were dissolved in the non-aqueous solvent which consists of the 



ethylene carbonate (EC) of 24.5 volume %, gamma-butyrolactone (BL) of 75 volume %, and vinylene carbonate (VC) 
of 0.5 volume %1., and nonaqueous electrolyte was prepared. The aforementioned nonaqueous electrolyte was poured 
into the electrode group in the aforementioned aluminium can so that the amount per cell capacity 1 Ah might become 
being the same as that of 4.7g, and thickness assembled the thin shape nonaqueous electrolyte rechargeable battery 
32mm and whose height 3mm and width of face are 55mm by obturating. 

[0294] (Example 47) Except not adding the macromolecule which has an adhesive property, as the example 26 
mentioned above explained, the electrode group was produced. The thickness which is a sheathing material contained 
the obtained electrode group to the aluminium can which is 0.25mm. Subsequently, by pressing in the aforementioned 
sheathing material by the pressure of 10 kg/cm2 along the thickness direction of an electrode group in 80-degree C 
elevated-temperature vacuum atmosphere, the binder contained in the aforementioned positive electrode and a negative 
electrode in a positive electrode, a negative electrode, and separator was made to heat-harden, and it unified. 
[0295] 1.5 mols (LiBF4) /of 4 fluoride lithium borate were dissolved in the non-aqueous solvent which consists of the 
ethylene carbonate (EC) of 24 volume %, gamma-butyrolactone (BL) of 75 volume %, and vinylene carbonate (VC) of 
2 volume %1., and nonaqueous electrolyte was prepared. The aforementioned nonaqueous electrolyte was poured into . 
the electrode group in the aforementioned aluminium can so that the amount per cell capacity 1 Ah might become being 
the same as that of 4.7g, and thickness assembled the thin shape nonaqueous electrolyte rechargeable battery 32mm and 
whose height 3mm and width of face are 55mm. 

[0296] About the rechargeable battery of the acquired examples 46-47, as the example 26 mentioned above explained, 
bulging after storage is measured at capacity, the capacity maintenance factor at the time of 3C electric discharge, the 
capacity maintenance factor after 300 cycles, and 85 degrees C, and the result is shown in the following table 9. 
[0297] 
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[0298] The rechargeable battery of examples 46-47 is high capacity, and the capacity maintenance factor after the time 
of 3C electric discharge and 300 cycles is high, and it turns out that bulging at the time of storing at 85 degrees C can 
be suppressed so that clearly from Table 9. 

[0299] (Example 48) Thickness manufactured the nonaqueous electrolyte rechargeable battery like the example 26 
mentioned above using the laminate film with a thickness of 500 micrometers which was wearing both sides of 
aluminum foil with polypropylene as a sheathing material except 4mm and width of face setting it 80mm, and height 
setting a cell size to 220mm. 

[0300] About the rechargeable battery of the acquired example 48, as the example 26 mentioned above explained, 
bulging after storage was measured at capacity, the capacity maintenance factor at the time of 3C electric discharge, the 
capacity maintenance factor after 300 cycles, and 85 degrees C. Consequently, capacity was 3.2Ah(s), the capacity 
maintenance factor was 96% at the time of 3C electric discharge, the capacity maintenance factor after 300 cycles was 
90%, and bulging after 85-degree-C storage of the rechargeable battery of an example 48 was 3%. Therefore, when the 
non-aqueous solvent which sets positive-active-material layer thickness to 10-100 micrometers, and contains BL of 40 
- 95 volume % was used, it has checked that the laminate film whose thickness is 0.5mm as a sheathing material of a 
large-sized cell like an electric vehicle could be used. 
[0301] 

[Effect of the Invention] As explained in full detail above, according to this invention, deformation of the sheathing 
material at the time of storing at an elevated temperature is suppressed, and the nonaqueous electrolyte rechargeable 
battery the weight energy density, the volume energy density, the high current electric discharge property, and whose 
charge-and-discharge cycle property improved can be offered. 



[Translation done.] 



